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(54) METHOD AND DEVICE FOR PROVIDING SPIN- DEPENDENT TUNNELLING EFFECT INTO 
READING HEAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reading sensor 
with which formation of short-circuit path between 
plural electrically conductive layers of a reading sensor 
is prevented and interlayer boundary surface control of 
high grade is realized and a manufacturing method 
thereof. 

SOLUTION: A SDT(spin-dependent tunnelling effect) 
reading sensor has a first ferromagnetic material(FM) 
layer and a second FM layer separated by an insulating 
layer. The first FM layer and the second FMN layer are 
substantially electrically separated from each other. A 
sidewall of the SDT reading sensor substantially does 
not contain a conductive path between the first FM 
layer and the second FM layer. Further, a surface of the 
second FM layer extending substantially parallel to an 
air- bearing surface retreats from the air- bearing 
surface. A manufacturing method of the SDT reading 
sensor contains a process for depositing the first FM 
material layer, a process for depositing an intermediate 

insulating material layer on the first FM material layer and a process for depositing the second 
FM material layer on the intermediate insulating material layer. The second FM material layer 
and the intermediate insulating material layer are subjected to etching. The etching is stopped 
before the first FM material layer is etched. 
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tswiTfeoT, fflEmawiSfcifisu mess 

3)&RW£. «ftE3S2£#®fcia&U MESS 2 CDtst 

3»imMg^jJiHr>-y-„ 

2 ] ift£g; i icibsc© 3 mmmm&mjj^-t 

i»i*ibb*#u WfB^27^^^ygtt. mmx.7 ■ 
im#m 3 ] m*m 2 izmm<o 3 mmmfmtmm-t 

2t*mm<ptinm znm lt£ «t 5 t d £ 
£. 

tt 3 aB^St^m-fe: >tH4, 

81 1 C9itSlCj;-r>THi^$nfcm 1 ^#E£l)T-5SfS 1 7 

S2 7^f-ryi^oT, me*i©««t»)^s^jB 
tz-tj 7mfrt>mnmzw.%m\zttM.2tiT^z>'%2 

t**iw«t*ot, fl&ESBia^Hcifiau me* 

1 ©tei*KMIc^UV^3 0«UcJ:oTBi3tsnfc^ 



3MIi. BtffBH2^5?.ffi{cja^b, l!9E^2©*i£ 

[»*B6] sf*JK4 (CiBm©>-X^A(c43UT. 
M#«7] JSMSta^ (MR E) 
* M&ttJI tcio TfrSI $ <,> {c SIR fttc^fr&m l 

*m«Rt8B 2 ^fccD^^taia^i >j- 
H±^*6«$-ar, dntc±oT, mess 1 tmsos; 1 

B^ituESfSl U-KfcmftWtSHKsn, SWBJB1U- 

WfWXCfiWE^ 2 ^Jf^StAtc^Sifttc^ftjfcfr 
SI 3 n <& <fc 3 (CT 5 IS £ £flf* £ M R E ± > tJ- £ 

itrE»2»»*©3B2iiifc«awk:«5ijiEsn» ms«2 

#**»©jB2BfcHJWgi;:JFfTfc»2 'J — FS»J*TS 
«lffi*2»^S*JtiiLTX-/^>^L, WfB*|feW^ 

iW*wi7f>^L 1 cnjck^-c. mes 

l«^^R^2^S^S^(cHHW(cmmWic^gi 
BtfBm 1 ffittm 1 <D*m*m L. MG» 1 ©*Stei!frfBSg 2 
SfrfBIS^WS^iifi^-B-^xStt. 

mtttmmnm z mm%i iumm ±^mm $ -a- -5 x@ 

£> 

1 1 ] 7 iztm<D^m\z^T. 

WEM R E -fe > * -5 IS tt. 
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■t >-*m<Dx. y vizi: r> x'piz < t b&ftmzmmz n 

tf*. ftfEx-;/:/©-gB£x-.y^>7*U CtllC^oT, 
MEM R E ir >tf ft |f(fBx y i><nn 0 OWft \Z ifi& U T 

[fft#3I 1 2 ] ffifeftH l i (cE«S©^ffitci5^T. 
S9E«S:©gS:Xy5 L >yLTt,i-5^IC, WE'J— K» 
» £ X y > {/? 5 IS £ $ e> tC^tr Tjffi. 

[at3t«S 1 3 ] flfgBg l l lcE©©*^lci5^T. 
fftE?S&©Jl * X =f- > T'T -5 Ii IS> 

Jf£. b9E4"^W^»©— g&©^t. S:5'J>i/-r-5>I 
*§£^ir77*£. 

[is^ 1 4 ] §f 1 1 \zmm<D^miza^x. 

M#£ 1 5 ] l 3 »CE«O^S6K*tiT, 

h • Xty^**T*J:3»cMEJB2i»»Ji*/^--> 

imxm 1 6 ] mxm 1 4 kb*©^ »c;&ht, 
strE 2 sjf 1^7. ha^Stt, 

Sgl 7* |> 1^7 h»«rlWB«ft<0H±^ift«£l*4X 

St. 

g§2 7* h 1^7 h«tiwE«»ojB±^«a$-e-*x 

St, 

^©«tiSS:SaE1i»©S<DXyi?Jcifi«-r'5WE1i» 
©*©-»©_tk:»j«-r*fc«>ic, mejg 17th 

mt. 

WE*jBc©«©WExy ^iBC*t>T. BtEISS 1 *m 
«trESS2*mjI£. me*m*m 

messi 2 unmcD 7 •> e >^**»w»ci»it . 
jps swrsig 1 ->-;u k fcaeuitcjgjrr-sxgt. 



^S-WESffiilc^-T'SXSt. 
inlEig 1 ->-;u KSffi nfclfg 1 «J-K 

fflrGSB l v-;u K*M±ic»j«r*iS t. 

*H»«JH;fttf*2*mJB*aMBiSl 'J- 

H±^it»$-a-^xst. 

y&tt^^ 1 77r^ yi^iS^ 1 »4 

AMBUS l 7*^yjB©xy^fi^ttsft&«#-- 
t. AftESSl U - K^«««l:*«sht»2«»t. 
^wrsai® *m-?z>mm. <J - h* £ig« $ -tt-SXg t . 

l-r/W5WIS & j6 ME * ffl*m 
HfrESSl 7i?T-f 7*«<DflaE*g«fcOM^<i2Sfc^Xy 

^ic^®e5ic®3?-r?.¥®rt(ctea-r-5*fr^x->->*^^- 
»»Ji©a5»*i»*T*xai» 

WESB 2 7 ^ 5 s - -r 7*« O MEx y i flttE* m ■ ©WE 
X y ICjBS&ttr * S'J ©*fi»JI £ £ -fr £ Xg £ , 

K$\ ntE!fS2 775^7'Ji±£iJj£-r-5Xei:, 
MESS 1 is-Jl K fc«»«Mc«ttsn. MESH 2 ->-;u 

Bg-r^xigt. 

m*m i 9 ] it &m 1 8 icE«©*-j£(c^nT, 
XT • ^7 0>ifffi%mzm2T?Tj7'm<DWimziiti} 

^yiS<o¥-M£itmMff3lzmteZ,¥-Wf*l\zWl£-rztziib 

iz. we^i 797-4zrwBt&*fgim*. mm$%i7? 
T^ym, mm&2T?y-j7'm&zfmittmmiz*ii, 

[0 0 0 1 ] 

• K7-f7*tML, «fcD Piffle te. ffi^ffitt (magnetor 
esistive (MR) ) MRQ'N.yK. $ e.lCPiffl»Cti. 
xe>fe#S>^>j>^ (spin-dependent tunneling 

(SDT) ) ^»3-t>-y-S^©S!ig7j)4fCli-r-5. 

[0 0 0 2] 

[«E*©S^] ja^Y7s7 • K 7-f 7*ti. Zi>tfo.— 

®Qmi,izmm2ti2>. mi (a) sof0i (b> ic*> 

^T. SEMg^xi' • h*7-f7l OfcL ->-;pk 

•I^D-ytnt, 5^^7.718®!?*-^ 1 4 t. 
t-^ 1 4©|gffi)Xe>K;i,S 1 ICJ:oT[HlS©fc*tC 
^J#$nfeJS^-<7N7 1 6 t. 7^^o.X— ^ l 8 
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S 2~3fc?)m-f£>tltz7— A2 0 Sr-g-tT. +)"X^> 
D/tii^yK. HP'S. >7>Xra-*2 4^& 

2 4©T#J(CJPfiS;$n?>„ CtltCioT, h7>Xra 
-*2 4«T-fX^7 1 6 0«ffiA»6ISIAWcJ*-fe±tf 
&tt&<. IP*., ^n«, 3KStffi##fc:*3V*T. ilr 
^7.^1 6±T<0 "7 7-f>y*" fcfftfn*. ScEPPT* 
^-Ti-5tC, 7^faX-^18*5h7>Xra-0-2 

©1ff$g£ffiB^-< X;y 1 6#>&KttDft«. «St5* 

[0 0 0 3] i2iiilDI*3 2&tje»a*»3lt (- 
Jftfi&fctt, 3 4**trttlRD/»ji* 

8ftAyH2 40lriK*t. IHtO»*3 2Rtfl 

&&mm3 4©giai$nfc#x.ys?(a, xt-^tu> 

[0 0 0 4] KSfOS^3 2ti^l y-;l/HSH 1 
!g 2 ^— )V KSH2t LTfSftO* HfJjS 3 9t. fly 

h'SHi 2 ->-;i/ H s h 2 ©imtc&gTSK 
JR»)-fe>-S-4 0t**-rs. BERDSSKfittB 
inM.W$)i7& (magnetoresistive effect (MR E) ) <t 

fC^LT, tt5l0-fe>+»-4 0 ^Stii^-tirS^ttCj;^ 

•t>-y-4 os-«^^mffisay^-r-5fca6ic, frac?>-fc> 

•y-4 0*ffloTS£n5-fe>xm«E£&ffl-r-5C£tCJ:r3 
T. *i»«ftJgttAR**taT4. AR/R©ifcjfltti* 

u c:oMtc^#^«JEtta3io-t>-y-4 orostcft^ 

S£oT, ffiTjmEE&tf AR/R©[33>& 

[0005] mm.v±>v'4 o-vmmatizmss.t&tfi® 

z&OWMlzl^ S^lffiBSC&Si (anisotropic magnetor 
esistive (AMR) ) 3&m&l*g;*:l8»i£St (giant m 
agnetoresistive (GMR) ) %}%;&^3itlZ>. 4#Jt© 
MiLTH SDT-fe>-y-e^fflnTt6^Xtf>ft#h 
>^'J>^ (SDT) 3«S**^lfe,n-5„ SDTt>1)- 
©*SB§Bte. 0 3tC*5W^^SO-fe>it4 OCioTS 
^n^. S^-T^i^JC, SDT^iK0-t>-y-4 0tt3 



C©3SJfl;i> SfigUI I NTS £ J;oTllT£>n 
fc^l3Staft# (ferromagnetic (FM) ) gFMlt 
JB2 3§l«tt#JlFM2 t^ft5, ^nSffllliy-^ 
HSH1. SH2K#LT*Wl$iC¥rrfc;£fatttt6n 
Tt^S. fot, -t>X*SU £~>— ;Wh*SH 1 Rtf -> 
-^KSH2©K©SDT^3lO-fe>-y-4 OKcSLfc 
mSi!tt3 0©JlFM 1 , FM2, I N S tCStfiSig 

>+Hi :s PIgifi3£fllSit (current perpendicular to plane 
(CPP) ) ^-FTI&f£Wra&5. 
[0 0 0 6] SDT^5?0-fe>-9-4 0TH 20©!£ffi3 

2^©3£8&14#JIFM1, FM2fflffiftMl, M2ffl|| 
SDTSsltO-t>-9-4 OcDSta^-ft-r^. ^©JStrt© 

SDT»*ttSDTBCTiD-fe>-y-*««J*jSj«r»SttSffl 
*U 2t>©ffitffcMl, M2CDyj|6j*iSVMc5Fff*^:-r 
SgL «H«jft**£C*. -*ttt£. SDTilDt>1)- 
«g*Tl 8~3 0%©AR/Rt> lOraViOigH 

ai/jmjEt^-r. -©ffiyjmffitt£-<©te©a^©M 

<o ir > +r © M I r ft v > a r / r & tfM t z ft t> Hi m ffi t c ± 

[0 0 0 7] S1FMIFM1. itIINSM2, 
FMSFM2^^-r?.it*tC. 3t3©*m&Jgl ij- 

h* (uuTlilly-^KSHl) ±^*BtWK:*S!S 
<hfCJ:oT. SDT^lJ0-tr>-^4 O^rJg^T^ 
-5. SDTttOt^irttCPPt- HTibf^-T-Sfc 
«5> AR/RliSDTtftO t >tffliS©l0K©M 

^® (gw^ffi) izztvT&izmm-v&z. «/ms© 

^ntC^oT, MfcftV»AR/R&ll«T-5fc»K:. F 

mi. fm 2 jtkxf* i ns^7 y^yyyo > • yo-kx 

[0 0 0 8] ^tiT, FM1, FM2BLt*I NSSrJgjS; 
-r-SfcfetC. -^W^^P-feX^fflliT. t>fl4 2 
SrX-v^^U ^2U-h* (d©«3JT«m2->->»l/H 
SH2) $FML FM2RDtINS(0±(;t^-& 
-5. ft^fi8*!«^^«lw^-r^<^Dir>-y-© 
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mmmvmz («S4 1 izm^mmmTz) . ztat 

t»#msS, fiP£. MWlS4ll;»oTFMlsy; 
FM2©IBIl;:»J«£na. d©«k'3&fil&HHC«fc?). S 
DTt>it4 0«Xtf>ft#h>^'J>ys^^S6^W 

sn^icte, c©ws«£«iH-r'«. mm 

■pT. ^SSSr«/MSiC«l©JT#-5. La>U SDTii 

[0 0 0 9] dWffiig^P-feXCD^Ol^pg-ptt, 17- 
^7'J>^®ABS^^-T?)fe*lc:. SDT-fe>ti-4 
0 ©«§&©-fe >-y-Jf 4 2 Z\tli(D±>-^®4 21Z& 
n&Hzm&TZJjjtUz 7 «^©Stnct 
fc. ^©^D-fextK ^©Ji©?^© l o©*fftffi 

(Wffi) . ip-fe, »|fiixy>? (ya>h -iry) ©** 
****tt©B<DJi's&*|c;*n»S. FM 1 2fctf/*fcttF 
M2®«»*«cti6 2 , p©Jio|Blfc:»t|esn&»^ d 

©tmaas l < ttHBisB* ens 2 -z>v>m<»m\zM 

^?)t>^4 Offlf SHii1i<^^Tf T^4. Z\(D 
FMlS^FM2^HlwS^^C^iSLT^T* 

©x>y ^^tifa&^t*©^)! t. c:n6©ras»c#ra 

t*B»Dtti8©ftTttt. CPP^E-KTi&frr-i.te 
©K& 0 -fe >-9"©K^tC*5 fc^*. 
[0 0 10] 

rztb\z, mmQ±.>-y-e>m&.<Dmmmffliz$>v2>&i&& 
n&tiL&ffiik-rz-jj-v. m^ms-^mmmn^mm^ 

»C» ^£©f!l&Dir>1ttjniftffi£<£fflLT. c©^ 
WZtlZ. fife, H^emSE<*M«^SIC^-r-£>fc46 

ic. m^&&<DmmK>-t>v^&.MW\z&-iT> z\<nm 

[0011] 

[^«r^-r^fc*©^ai3j:^©f^ffl -itim * 

fiH ten X M»c«JiS©[£V^Syp-tr 

x£fijfflL&a*s, mm\z. mizm^&mz^m-rzs 

rau 2-?<D&m&ft®mizmnmznt<-r, w. 
\z>}>t& ^(D^mrsixm z-stsism ic j: t^es $ nfc 
sDTm.mK> j t>y-$:im-rz>z£\z£-?Tm0s.2n 



[0 0 12] *%Hjo^Jg^S8(C«e-5t, 3SJBBKU& 
in$Si:>imSf§l 7^?V ?7i<h. ^2 7^f-f^@ 
^17^5 : --<yfflS:^2 7^^wyB©rBl(caS 

?z><pfflmt&&Tz>. *r*ijic. mi 74?^ 7®tesg 

£©*£m> ^lT^^JI&U^T^TV^Jirofig 

©m^w^A^»Wfcte±^n^. &fe<DmmMm~? 

^lT5'^^^«^l©i|gtC < i;oTia^$tlfcm 
lig^BSr^U l27^r-fyittKl ©*IJ;9/Jn$ 
t^2©1@tc«t-pTli^Sn/S:m2^#ffi$^rL. 4>F«g 

3©SfCJ:oTH3esnfcSB3*5|iaoSWr*. SIC, 
+ra«tt!B2*»ffifcifi»U SB 2 i, 
^14 ©Hie cfcoTiB^$n/cm4 ^ffi^f'So 
[0 0 13] *^Bj©giJ©^^T7IS, »§U£#a>i=, 
©^lt0SD:fi8^,!®#'v©»ii^.$-ff 5->7.5rAtt» =f 

*n*wEo3ajB«ftasa»« (mrej -t>-tf-<i:. 

tt, 3a^MRE-tr>-y-«?-^©M^OIC*5^^M(C 
tt, 3fiJlMRE-fe>-y-©mi 7 fir 4 -JmttfaffiRZf 

*t>fflmttfam$. 17 • u >tfffi&mm-? &m cw- 
ftftizmnmz&tEV, %27 >?=r><'j®tt&mi$.m<r> 
¥mfa\z&z. 

[ooi4] &&w<D»i<Dkmi&m-cii. 

(MRE) T/KX?;igltr5M«, *1'J-H£J* 
JSt-fclSi. JB1 y-K^*«ttH*ttS*lfcMRE 
t>U"SMt5ISt. MRE-fe>1t^«^WlCglgE 

E-k>-y-tt, jbi g-H^««»fc»«atu *iu- 
?g2 u- hxigiiitiKsn, jB2u-h*jc 

^*^^SI$nT^-i)m2^®^^-r-5^2 T^^-f 

li- s^t;. Jjo^t. Sgir^7^:/Jf©$a(;tfii2 7 
^^•-<^©igj;t)^:#v^ M»c> ^I7^f-r/l. 
4 , ^&^2 7^^^^B^SilbTHHW{cSiatc: 
Ii'J- KR^m 2 U - h*©p B Uc:??itr 
•5. MREir>-y-$:^-r-5X@l4. 

z^tszttfR&LbK m2tm®x.&*mttft®\t, 

X-y^>^$n. ^©X->5 L >^«, ^l^^SrX-y 

[0015] *%^©it^©iisfijg!i«stcB;^tt*gi/ 
^)v^<Dmm.mfr<Dmmr)**imz-rz>. w.tz. m^m 
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htMTtSS n >^T C P 

p^-vrnwrtt^D-ztm-rz. ^.\zm&m\z\t, * 
^m<Dmmi^mmm\z ± ^ xsDTi«fit>^s 

[0 0 16] *^B^©fflS(D^im^tf^jmttJy > T<75l¥ 
[0 0 17] 

\5mv>$m<Dwm hi (a) . bi (b> . B2, 
*5£w<D-nmm\z&v s DT-t >•**-©§? 5 o © 

7D-ft-h^St. Xg5 SS£ffl;t 
S i j&>£JBffc'5rt&'r*D. mi ;H*ttN i F efrt> 

mti£$z>. ii5 4i:*v>T, miis-juF&mmmiz 
[0018] igs 6Tit mMKmMn^WLitxm 

S**ffi_hfC^T-5. TSOIi^A 1 2O3, A1N$ 
(CMP) :7a -fexsai; 

T, T&0e£¥fift;U fg 1 ^ h*£ CICOyD-feX 
TSffi^-e-Sdt^SFSLVi. X8 5 8-C«> jgl'J- 

mi u— H^^-rsfc«e>(c /i^-><b$nfc-7>j- h 

[0 0 19] IS6 OTIt ^'J-H*MREt>1t 
t-^IC^JSE-T^). -^(DMRE-fe>-y-tt. HlC^^tlfc 

-5. XS6 2TH. m2->-;PH^^2 7^^^^"B± 



Jl/h**.ffl£x>y^> !f IT, m2->-;i/F£fl£f£L4# 
•5. II6 4TI1 t>-»^-3>^i7l>$fES-r 

«»W»c$H*£n, mi y-;n«l:»l/Tia»tSf« 

3tlT<^-5@4©X1I6 OTOSliJ-HStfMRE-fe 

«»JBSJB1 >J-H_ht:Jf«S-a-S. ^©*£««*£*& 
jSW^»©#&T|«§T^6T-&£;^\ 3 0©±T©Jf 

> • *-)vtz£<D$m&m.frmzmm-£ti. cntcio 
>tf©«a»JaJt{AR/R) £. ctifctt#-racp'p 

[0 0 2 0] Xfcf>ft#h>^.'J>^*Sr^^TSfc 

Rtf*2 wAtf. tpmwmm 

ttA 1 2O3, A1N, BN, N i O, Si, Si C$fc 
2tJM!iNiFe, CoFe, Co. FeSfcttiO 

^fiStt#:W^e»^ti j e*n^BifgTS.-2.. Mtc, mi 

6*52 0, 0 0 0^->^X ho— A©J12©i6H!c:& 

Wiro^TOi ot>yxhn-A^f,|t)2 o 
■t>ifx b D-A©3SBic&&., 
[0 0 2 1] Ig7 4T(l h'7-*-M3lI*I 

ilLTmi y — K^-cxy^y-f*. n^-Mfcsn 
^©jS^&Jlft]©;^-?, t*T • *-;u^x-^5 1 >^L. 

\zmmz*i?->iki£titz.2mm\sz;x bmm^vtc 
t% mi bfT • *-;v*^f8trabfeficstc^^T, &j© 

t*T • *-M3H^IILTf lU-HSTIyf 

jzrm&j&tiLTztctbiz. iimisi7f>?'t 

I17 6®X7f>yit X@7 4©X>y^>^£: 
^^FtCSIJgBlffiTfe-S). XS7 6CDIB. SS2*mH&tf 

sr/4 j r B w^©x-y>'^saiL»-2> <> dn6»2««. 
»x^«t»nn«»Boxy i7^r^ ^s©x>^ 
t-»»c««*»j«-r*. mmm&x-v^y-ywztk 
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£Wf SCoCrPtftt'CDA- K • A<7X*m£<£fflT# 

-5. 

[0022] ig8 om x ^-rsm 27^ t- 

fiTtS. £©x^>^4m2 7?7-^7"Ji&tf4 3 l , B e ljl 
W&X-yvlCfi[@-r¥*J^<&^*1-^o CtllCioT, 
mi 7^^-<^S^2Ti7^'C y^©F B 1©m^W^ 

«*»«a±^6.smw&<ft*. 118 214, mmmz 
xm 1 7^5r-f ^ns^m 2 7t>7--< zrmofsi^mm 

IWlc«l6lfr#*K«|;:?¥SEUfc(,>. 
[0 0 2 3] 06~01 5tt*^B^©— nMM\Z'&?Jj 

^wtcfie-ssDT-t^^^n-ien^T. 0 6 (a) s. 

(B) (i^li — 1 0 4Sy?JFS'ft:$nfcT 
I0I10 6{;:<fcoT&S£tt£:81£l 0 2©¥S0&. 

DW®0£-€-*v?n^-r,, sts i o 2 teg-ft^u 3 >& 

->-JU Kl 04 UN i F e^tifcoS^IJ^C'tt.TKWfiStt^iN' 
S^ffiESntl.^. Ily-;H^10 4I1 /t^— > 
ffc$n;t7* h l^X hjf £S«1 0 2±lCfl£fi£U & 
HT. a51->-;UH»»*S«l 0 2±^^y*TSJ: 

n»C^T. m 1 F*m**« 1 0 2 i'v.X/l y 

>^L.^-5. Ah0 3 . S i0 2 , Sfc«teOjS^«6 
•*r»tt£OT*0»»**M3-a-» *HTT, SBl->- 
JPF 1 0 4 T^0tf*4^¥S{tT-2> 
HtfCfcoT, TftOBl 0 6»4»J«*n*. CMP1/ 

[0 0 2 4] 0 7 (A) &tf07 (B) ttSSlv-JPK 

1 0 4 ±\zw)$.zntzw, 1 u — k 1 0 8 (DwmmRism 

mmtttl-etlTRT. Sg 1 "J- K 1 0 8 (4& (A u) . 
Sf (Cu) *fe«^>^;b (Ta) afCDSWft^tW 

-f :*> • = >)>£fti.iz<D3:y 
&ft 5dilcJ;oT, «1'J-H10 8^MU}|S. 
08 (A) &t/:08 (B) ttjgl S'-iPKl 0 4i. ¥ 

sft^n^T^oii 06i. »i g-Ki 0 8tc^n 
^ r txSta^nfcxhr>tt#h>^'j>^ (sdt) 

JSl lO^f. 08 (B) »C^Tcfc-5IC, SDT#1 

11 1 OI4SDT3fi!l 12i. -f-OJtfcttfcaKSS 



ffitttf (AFM) Si 1 4StX«fct5S+^^tf>i/© 
1 16tm. SDT3I11 1 2f4. ^Sft^^/t 
Ti0110 6, Il->-JPKl04St;iliJ-Hl 
0 8 fc-t*n?n««-r*SB 1 WiFMi ££tr. M 
IC. SDT31I1 1 2(4, *g*JB I NSlCcfcoTSUl 
3$GBft&/l FMli»6»IS tlfcfg 2 F M 2 
*-&tT. Cl©fi5jE&Tf4. AFMJl(4m2^tt<*:)lFM 

14#JiFM2»4lf>JiT?**. ftS©:/a-fcX£ffiffloJ#£ 
T&£0t. SDT*ajBtt*a£*0r-r-5££&<'7> 

[0 0 2 5] 09 (A) &OC09 (B) teA^-Xfc;* 
Wc2ll7*Hl/yXH2 0i, CI ©A** -Xk£ 
nfc2Il7* hUy7 hi 2 0 *^U7tX^5 1 >^^ 
ck-DT^$nfemi t'7 • 7fr-;i> l 2 t*7 
•*-;H2 4t*ST. fiTFCfeSfrrs.fc'Sfc. Z\(D 
102117* FflliSte, A-H-/H7X« 

*4£*tffl£i±>t^<C:fett3:7;j- h l/y7 F 
#Jtt-5. 09 (B) (C*f7>^— *y h**tfft#* 

? — >it£tlfc2mm7* F Uv'X F 1 2 OSr^fiTet* 
-5. 0!I*J4\ Sl7*h U-i^X hil2 
111 O-h^fSS*, 127* FU-ixXFJf 1 2 8 5: 
^©iKitfiSS-tirS., Sl7*M/yXhfl26Si; 
S2 7*M/yX F/f 1 2 8l:^LT^n-fnS4l.« 

A^->ftSn& 2117* hl'yx H 2 0 S 
^fflT-5Cl<i:{c:J;D. -T^> • 5 U >^(4, fl'J-F 
10 8 5@ttS-r-5/c:ii?)lw S D T#fid 110 $fIT5 
m 1 fc'7 • ;P 1 2 2 TkXtM 2 t'7 • 12 4 5 

»J5«-*. C©l7f>yttSlt7-*-;H2 25 
tf|g2 t*7 • >^-;H 2 4 ©&#©-^£^n^'tl#tfiS 

nsDTMii i oomiffloii (fin*., x-i/-^) i 

2 5StXm2{UH (HD^. X-yv 5 ) 1 2 7 ^^ajTS. 
JEfC. m 1 b*7 • 1 2 2 RXSm 2 t'7 • 1 

2 4 CO^tC^M-T'S F M 1 <7>g&#CD<gW 1 7)tIB)5$n 
-5. enfetter, ^lt7-*-;H 2 2St;i2f 
7 • -fo-)\>l 2 4 5^J5E-T-5it*(C. -t* • UA- 

B#^»C*3t>T. ¥i0tlTlfeJi^ 0 9 (A) IC* 

-r/'?^->{t$nit2ad7* hu-->*x h i 2 ot. m 

1 U-Kl 0 8©®tiJU^gC^ < i:5J.-5C:i:^-C$'5. 

fm i v&znrz&Mtm 1 7^^^ rjB*»j«r*. 

[0 0 2 6] 01 0 (A) &tf01 0 (B) (4. A— H 
•/H7X-U-H. »«'J-Fl32t. A- 

h* • AM7X 1 3 4£*Bl$.TZ>tzib\Z. Slk7-* 
— 12 2 2 t'7 • 12 4 PUZ-Ztl^tlM 

mZittzttm&m?. A- K • A*< 7X-U-K13 2 
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itztirz2mm7* buitxh i 2 0 £eb 

il7*hkyXM2 0l«i§tl5. fcT, HI 

0 (A) TflllgT#S-«t'5JC. s FB0£LT.JE,fcJ!§-&, 
SDTMil 1 0<D]|fg|L IDS. +t7l^>^Il 1 
6 &A- H • A-f 77. • U - H 1 3 2 RW\- H • A-f 
7X134t-SI;15Ct ! (|STf-5„ 010 (B) (C 

^-r«t -5 tc> a- h • a-t 7x • y - h 1 3 2 »am 1 m 

W.1 2 5l;ffioTSDT31Il 1 2 iiSUT&O, A 
— H • A*-f 77. 1 3 4«?j§2#Jgl 2*7(C«oTSDT 
3fiJIl 1 2t^lT^^ 

[0 0 2 7] 01 1 (A) RUmi 1 (B) fC^Ti:? 
(C, SDTM11105l7f>^U dtliCio 
T, f 1 llilt«:IFM 1 ©«t^IST5. tfrfESWJ: 

HSrf :*> • 5. U >^tWffl-r^i-5^»ICD7 p P-fe:X 
T^tT^S. 011 (B) £;S£*IT^&(^\ SD 

£|Sfc£L#:*£l;::}S(,>T\ 011 (A) it, A-H - A-f 
77-'J-Kl3 2t, A~H -/W77 1 34i, S 
DT^lIl 10<D]Hg&*^-yt: mi~>-)V 
H 1 0 4 <h. ^SitSnfeT^DS 1 0 6 ©¥®0£>k 

-r. 

[0 0 2 8] 01 2 (A) SDC01 2 (B) 
(C. 9J®2il7*hl/y7M 3 5^SDTMil 

1 0 A— H • AW 77 • U - H 1 3 2 ©— g& 

-5. SDTMil 1 O±©0f^atcEg$nfe2fi 
i7t hl/^7 h 1 3 5^«fflTSd<ttCj;D. SDT 
:£*JIl 1 0^AWt> • SU^tci-oTX^ 
SDT^ill 1 0±tcKM$tlfc2fig 7 
* h 1^7 H35 £fct±ft&«jgW e t7jffi£®ffl-r-£> - 

ttc<to> sDTMii 1 0 (D-mtmm<D^.mms 

^1 1 6, AFM1 1 4S^FM2ffl#I*Siisn, 

[0 0 2 9] 01 3liSlfllIl 2 5SO:m2fi!llil 2 
7 ©m^lcistt -5 bubB©X y 5F >^CDM*^^-T1£^:0 
Slill 2 5S.^2f3Ml 2 7(iX-y^> 

y'cD^^^-r^awT^bT^D, fc-s^A,, mm 

©^1*501 3 {C5k£*IT<a&I^SDT^BII 1 1 OCD 
ffi©1t©:(0{S|ig<DM«Tfc^$nTl'i-5 o SDT^l 
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&ZfT>y-t>y HCjcD, ^lfflll 2 5&tffg2<!Sl 
mi 2 7©RacD*-vyfcr>^Jl, AFMS&tf&^ttte 
SFM2CD— g5tt*«©*S^$tl. u©FM 2 (D— SB 
telg2 7^5V7Jf £^/£Lfc££g£n-5. 012 
(A) K^-TJ^K, i2 77r^7ilt il77r 



-r&*fftffi (fja) , ^(fijx-y>5 (7n>h -x 

yS?) 1 3 6*tt2.„ MtC, x-y^>^*Jg^a i n 

ti+itsn, i Ns©5i$nfcgB^tt*ra« 

5r^T^= fi^T. FMl Jf^X-y^>^4 3 fC^ffiS 
n^^CDT, FMlJgRtfFM2!!£2lA(;:»i^l.^ 
3, X-7?>y$tlfcFM2«f4<DS*^J|Ke<){C^ 

cntcio, m^tt^PiUJf i Ns^ioxf i 

7^^^^'BFMl&UCm2 7^^^rSFM2©F B '5^ 
tStntf^.^ W,2T97-4 y'MFU2\t.W.lTi>J-^y 

mFMi^enmmzmm.mz^m^ixx^^. mm? 
z>u*> : tnt><D?$\z i fm'&tf3im.mztt < 

[0 0 3 0] *%W<Oftfe(D^m&lT'lZ., JLy^>{/0 

to&it* sDTB<D^^>ifmm^m.m-t^z.tiz^.-D 

T^T^S. ffifflt5FM2R^INS©iS©TO 
»$tl7t^CD5 U >?mm^7i- <E>t\frm-£r. X-y ? 

sdtios'j^m^l. mm^nrczu 
>ifmmiz. mmmizm-3^TmiiiztifzT)i'3vx& 

it:*^>t, S'J>y'^<?ifr^. JEJC. NiFeS 
O^A 1 N©K(7)5 U>^jSacD^^(Dcfc5fC. FM2S 

i n s wz&mznT^zmmfrm^zjzz < mtzz> 

[0 0 3 1] FMlS^T^b^^COX^^^y^ff 
ofc^ Ilfflll 2 55c^2ffl^l 2 7©PI©FM 
1©I1«SI14 0I1 «i©(ewi^su fglflj 
Ml 2 5&r/Sg2«l 2 7©F B 1©FM2©^2t|#® 
14 21S, f 1©(|W1 J;D&l^?g2<Di|isW2 

3Etc, ins, IP*.. 4>rastimi ©*1W1 i^S 
W(C^Ll-^3<7)#iW3$r«iAfcm3M#Sl 44t. 

^ 2 <D<mw 2 tmwmzm v 4 ©tsw4 ^m^tcm, 

4MSl4 6i:4#tS. iitrfe©<fc5 tc I 

NSI^itpiT©*-l7f>^L. 012 (B) tr^ 

[0 0 3 2] 014 (A) Si^0 1 4 (B) tt, i2ffl 
2ll7tM^y7 htf#£i^ffi«fcK«l,&ttlB 

SDTMIl 1 0. A— K -A-f 77 • 'J- Hi 
3 2. A-H • A-f77 1 3 4. mi is-)VY 1 0 4S 

i o 6 ±^n^txmmvtzmmm 1 5 0 <om 

tn**r. l2©2ll7^M/y7hJi±Lfct. 
1 1 ->-;W HSB^ 104' . A- H • A-f 77 • 'J — H 
1 3 2 ' RZfS DT^agSB^ 110' tt^g 1 
5 OSrmiiLTgiiiSn-5,. fol, 01 5 (A) Rtf 
015 (B) (C^T«fc3{C. SDT^aggP^l 1 0 ' 
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iC&U SDT^ffiJig&ftl 1 0* ©±lcS&-5ct5 
IC. ff§2->- ;UHl 5 4£Jg/£L#5. I2y-;l,Hl 
5 4 lll«ft{EtOit«^TMSni> 0 MIC. Ni 
Fey-Kit. 7*hUy'Xh'^A O^B§) &£* 
rov7.i7t^g?J0ic^«$ii-. Sg2->- ;uh*i 

5 4*itaia-&4C: t»CJ:oT. S 2 ->— ;|, h* 1 5 4 £ 

e+. 811 JUK •t7-77^15 6SOt/\- K • 
•U-K-k'7-7'7^15 8a*}£j££*lf# 

to o 3 3] mua&mwsDT&mm o^bs) ±ci 

^KtfHCiSXU 1 5 B — 1 5 BSKUBWKSFfTftX 

&3Hr>-tf-£^ y tT>^T-5. 012 (B) tc*T2S 

^<Dyy bL>y\z£K>. FM 2 fcfftffi 1 3 6 £■ A B Sfr 

Ml 3 7*>5t>fftiILjfcffi«) lCi2BTi*3„ ^ntC«fc 
0. FM2(j7 7f>^nf, ffioT, 7yf>i/tf 
C*W*FM2«»©ft*j&tB&il:a*lS. £©)£*, F 
M ia^FM2|a-rcDMiK©^fiE*iKFit$n-5.. HfC. 
ABSC^H-SSttJfCcfcoT, FM2aW*£*l*«# 
fc&H.' *-©5*, a«Jfc«iBe«ZTtt. tf>SFM 
2CD^iiUfcfi®tt7 U-SFM1 CD®ft(Cj^#^S« 
r**. »«T*SDT-fe>tHBaE(OfiT*tt/hS^. J: 

®««/h$<^:S*i, SDT-tr>itHWcDifgt^tn:S^ 

2O%0SDTAR/R$^Lftig, Z^O. 2 

^©tgTteiftl 5%^Tab-5. i&2%© 
A R / R Sr#T^> £ <h £<K*g L tz AM R t it^fc^. 
Lfc^if© S D T-fe>-y-ttfl^tCiS(,^ft*tt^ 

T. 

tO 0 3 4] Cl©J;-5(cS!jaanfcSDT^0/SjA 

*--b>-y-tt. 01 (a) Rztmi (b) ic^-r«t5ic. 
x -mzmiLTmz. 01 5 (a) & 

#0 15 (B) lCSo*^TS|^-C^^J:olC. 
-fi"J>>/ ^mtZ\ii\ZJ:0. -fe>X«8f£IteA-K • 
A-f 7X • 'J — K • t'T • 7*7 ^1 58, /\ — K • A-f 
77, • U - H 1 3 2 Rtflg 1'J-K10 8^UTSD 
T^^a9<Ci^nI^TfeS. S DTJg£iIoJt&. -fe 
>7«St-y--+-^ Mig§2 ->-;PH l 5 4 ^JfcHTSEn 

iR9i:>^©£^UX#>X£&srr-5fe<£>t;:. «l-> 
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to 0 3 6] mM^ms>\zt^mmx% *£9i$&&s 

#©«SH&L^nic§§Hffi&«e£lftT^|IU#.3. 

[01] (A) ^JtS^x-eT.^ • KM -7mL&$:Wft 
WlCflS^LT^-TlEffi0T$>«). (B) (A) ©IB 
- 1 B^tc*5ttS¥Wffi0Tfe-5o 

t02] «««tt»*tttto-fe>-y-&ffl*&^n*s 

[03] 0 2Ot®OgffflffiI@Tfe5. 

104] Sl|j6Wc!S5SDTK«iO-fc>-y-© 

t0 5] ^m<D-mmm\z^om4\zfr,r^f^mm 

10 6] (a) it*mw<o—2zmmizv£omm<Di-o<D 
a»c*ws«^wfc«jt*nfcSDTHi*»3-t>-y-o 

¥ffiI-C*5. (B) f4*aSWO-*«8«HCtt5 (A) 
©S&^WfcMjg ^ tl^c S DTli 0 -fe >-9"©8fr ci0-C* 

[07] (a) te*mw<D-mmmiz'&owim<Di-z><D 
a»»c*tt*»«-wk:Hji$tifcSDTttiRo-t>-b-© 

¥®0T*^>. (B) (4*fEBJ©-HJS^Jtcl¥5 (A) 

©gp^wtc^it anfc s d Tgm 0 -t >-y-©8SM0T* 

-So 

[0 8] (A) te*5£WV>-&MmiZfto$im<Dl-0<D 

mmz&vzfflftmzmmztxrz s DT^ot>it© 

fI0Tab5. (B) «*%BJ©-HJS9ii|ICtiep (A) 

o&ftmzmmz ntz s d tsi® 0 -t >-y-©»f®0T-ab 
[09] (a) te*5£wv>-mmm\z'&ommv>i-o<» 

(B) te#fPJ©-S«S0iH;;ft5 (A) 
©g)5»W(C©ig$ nfe S D TWffl. <0 -fe >1t©S»rffi0T* 
-5. 

[010] (A) te^B^cD-HJgWcSEpSSil©!^ 
©S^ICiilt 3g&#WKgfjg2 tlfc S D Tg?f{ D -b >+»• 
©jpffi0T$)-5. (B) ti*%B^<D— S|Jg0ij|c^^ 

(a) (D&ftmzmmztitzsDTWtwiQ-ty-v-cDmffi 

0T*^>. 
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1 Title of Inventing 

METHOD AND APPARATUS FOR PSOY ID1NG 5 P IN-DEPENDENT TUNNEL: S£ EFFECT IN 
READ HEADS 

2 Claims 

1. A Li [-layer ma 1 n e i c? c? i ?. • i v t Effect sensor, comprising: 

a first active 1 a*y e r having 2 first interface -surface defined by a f : : 
_st width; 

a second active layer substantial!} electrically i s 0 i a : c d from s 3 i a I: 
r 5 1 active layer, ha? in? a second interlace surface defined b 7 a second 
*idth that is smaller than said firs: width, the second active la?e: be: 
ng s abs t an I i a i i y electrical!? isc'iated f r era sals first a c : i e layer: an 

an intermediate layer located between said first active 'aye: 3 0 d s 3 i 2 
second active layer, said intermediate ;a?er having a third interface s 
arface teat is proximate said firs: interface Sg.'fac? and that : s define 
d by a third width that is s s b s t a n t ; a ! ! y equal t g said first width, and 
having a fourth interface surface t b a : is pros i male Said second inierfac 
e surface and that is defined by a f c 3 r t h width thai is substantially e c 
a a 1 to said, second width. 

2 . A t r i - 1 a y c : m a g 0 e t c r e s i s x i * e effect sense: as' ; c : i t e c i a c • a : m 1 . The 
rein said first active layer has a firs: facing surface that p r c r i i e 5 an 

air bear i 0 g surface substantial!? perpendicular to said first arc sec en 
d active i avers, and wherein said second active layer has a second facir 
I surface that lies i d a different plane than said a:: bearing surface. 

3 . A t r t - i a y t r magneto resistive effect sense: as recited : r. ! a i nr. 2 : * b e 
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rein said first active j a 7 e : aoc e 3 l d secend act ire 1 a 7 2 r s : * f e : : cez g l c 
tic ; and said i a ; c r a-c tl • a • e [aye; is formed cf an electrical;? i g 5 5 : a i log 
material, such thai a s p i d - d e p e d d e q : t b 0 a c ! l c g p i> e n c m e n c c r a c 0 c c •: : : s : 
cagh said i d ■ e rmc 1 i a'l c iayer when a current is caused is lie - b*:*ee: :3 
id first active I aye ; a q d said s e : c c a a c t i t e I a y e r . 

4 . A system for reading from aos *;it:ag to magnetic rced:a ; s s i i sys:eir 
ccrap; i s ; og : 

a read/Trite bead. incIad^Gg: 

a write element fc: ffiiiog d a i a • c said magnetic media; a r ?, 

a t r ; -layer m a g 0 e : c : e s i s : i v c c f i c c t s t a s 9 r c c e p : e d with said * r I : e e i e 

nit 0 1 including: 

a first a c ; ; v e i a 5 e i having a firs- i 0 : e r ! a c < surface d e f j n e : by a : 
i r s \ width: 

a second active layer s 0 b s t a a : i a I i y electrically isclated I-ck sa:^ 
first active layer, having a second interface surface d e f i e e d by a s e c c & 
d a i d t !i that is smaller than said f : ; s w i d £ h . the s e •: c c i a c : i v e ! 3 y e : b 
e i 0 g Substantia) I? e i e c 1 1 i c a i i y i s u ) a l c a from said f : r = r a c t I r e 1 3 y e : ; a 
od 

an intermediate layer located b e 1 we e 0 said first a c ■ i v e layer and Fa 
id second active layer, said i n l e : m e d i a : e layer having a third i s : t r f a c e 
sorface that is prcxiraa:c said fir:: interface surface and that i ? fie;: 
eed by a third * i d t i : h a 1 is substantia:!? equal to said f i r s t width, an 
d having a fenrth interface sniface that is prcxiitate sai: seccec i s : e r I 
ace surface and that is defined by a fcur:h width that is s a b s : a e t ; a 1 \ j 
equal i c said < e c c d d * i d c b . 

5. The system as recited in claim *! . farther comprising: 
a disk-shaped magnetic media: 
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a disk dri*e ranic: having a drive spindle upon which s a ? ri m2?ne::: m:c 
i a is s Qpptir red \ c r r c 1 3 1 i c z ; 2 a s 

a s c s p e b : i c n s 7 s : e m s c ?■ p s : t i r. g said r c a d A r i t « head io : m c v e m t : : eve: * 
a surface c f said magnetic media. 

6. The system as recites ir claim 4. therein said firs: ac:;?p : 2 7 e r a:d 
said second active layer s r e lerrGmagGctic a a d said :pterrtec:a:e i 3 y e : 

is f c r in e d cf an electrically iQ:u!atiag rcateria:. 

7. A method cf forroiog a ma g p. e • c : £ ; i s ; : ? e effect CMR£) device, concpriiir 
g: 

[ c rmi og a first lea:: 

forming an MRE sensor, i d c ; b i : n ? : 

depositing a- p i a : a \ i : y cf layers c*e: sais firs; iea: : icc'cd : n? a f 
irst material layer and a second materia: layer that ar? s 5 b = \ a s t \ 2 : : y p 
a 1 a i i e 1 to each c t b e r and separates by as i s t e : a] e d i a : e m a : e r : a ; layer, s 
q c b that a first surface cf said firs: materia": iaye: is electrically en 
apfed with icd substantia! !? p a : a ! \ e ! : c said firs: iesd: tzi 

etching said plaraiirj cf I a " e : s such that said firs* m a r e r ; 2 i layer 
and said second materia: layer are subc:an:ia-lj erectrica" 17 i ? c 1 3 : S 3 
from each other: and 

f c r m i n g a 5 e c c d d lead electrically c c u p 1 e d * : i a a 0 c s u b s • * c 1 • a l - i 7 pars 
i I e L t c a s c c g q d surface c f s a = d s e c n n c m a : c r i a ! layer. 
B. The method as recited in ciaim 7, therein Said eicnio? said p ; c r a ! : : 7 

c f layers i a c 1 e d c s e t c h : t g t h r c n g h said s e c c n c materia: \ a 7 ? r and 0 n • ? 
part w a j through said i a t e r m t ri i a t e n a t e r i a 1 i a v e r s u c h that s 2 : Q f : r s r n; 
atertai layer and said second material lafer are s ub i : a n : i a i i 7 elec:r:ca 
My I sc ! area from each ether. 
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9. The cc t bed as jeci:e: Ie ciain: 7 S -herein s s : o lir>t ssrfsce ha? £ 'f : 
: « i: w I e i i i h a : Is g i c a : e ; tlat a s t c c- c c w i d ■ h of said > e c c a d s e : f a : e . 

10. The Dttbcd an rcci.e: it ciairr. 7. ^ herein said d • p c s : I : t g s ? : : p : . : : 3 
I i t y of layers comprises: 

deposition said firs: materia! layer : 

depositing said i z : e r tee i i a : r materia: layer over ui: first xz:z:z. . 
a v e r ; a a d 

depositing a seeded materia! ? a t f r ever said i n : e t me z ; s : c . us : r : : a . ;y 
e r . 

11. The metccc as r € c 1 I c d io c : a i m 7. wfcercic forming s s i c M^E se n 3 c * f s 
r the : i oc i udes : 

patte:oiog said sense- r layers a firs: time, thereby terming a ~:z iz't 
to said first i e a a . said via h z I e b e i 2 g a I i e a s t p a r : 1 3 i I ;■ a c f i s e d b 7 a 
n edge of said sense; layers t b a : was exposed rhrcijjh said pane mis?: a 
nd 

depositing lead materia: ictc sard via in'.t. said lead mare rial being 
in contact wiih each c? said se^scr iaytre a 1 C r> 5 said edge ci said sen;n 
r layers, wherein said etching : a : :i p i a r a 1 i L ? 0! layers elches a pc::cn 
cf said edge, thereby fcrroiog said MKE seascr adjacent tc a r eniE i d d e : c 
f said edge ■ 

12. The method as recited io claim 1! . farther cc«nr?-;<:n£ tichieg 55:5 
ead material while etchi&e said piuraiity c; layers. 

13. The method as recite: in clain II, wherein eichin* said v ' a r a i i : y c f . 
I 3 y e r s comprises: 
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miiii said second materia ! ia/er ace only a parr c i said : r ; • : z 1 1 r : : 
e material layer ffithsc: trilling said first tnatc'ial laye:. 

14. The EcLbcd as zti \z claim II. herein etching the ? i ;j ; e 1 i : ~ f ; = 
lasers i a c I si d e S 2 use of a si-layer resist technique- 

15. The method as :tr\:zi in claim 13. *berein ^ a i d milling sal: s*:crc 
material layer : d c I b d e s patterning said e c c 1; n d materia 1 i a y e r to hs"e a 
frcBt edge that i s *r e •: ? £ s e rf . f : cm a from edge of Ssiri firs: material 1 1 y 
e r . 

16. The Bitllud 35 r e c i : e 3 is claim N. wherein the b I - I a y e r legist :ech 
i q u e c cmp lists: 

depes iting a firs: phcto-es ; 't ; 3 v e r ever s a i : pUra : i:y of 1 3 y c r 5 : 
depositing a secoa: pbotcresisr ia: ; e; over s 2 : d plurality cf hyer^: 
patterning said firs: phc:cresi*t layer ?od said second phs:e?c£:s: !; 
7 e r tc fcrc a pailicuiar struct Ere c ■ e r 3 portion cf said plurality cf 1 
avers that is adjacea: : c said edge ci s a : *i plurality cf i a y e 1 s : and 

milling said s c c c 0 d material layer and a par: cf *a;d i n t e 1 m c a i a : e ma: 
erial layer near said edge cf said plurality 0 : layers, v I c e « u : reisrlc? 
any port ice u 1 said first materia' layer d j r 1 o g sain m i \ i 51 g . 

17. The me toco as recited is claim 1;. further temp* i sing lapping subs 1 3 
utiaMy in 1 place thai is s 0 b s t a d t i a 1 ! y p e r p e a d i c u ; a r i 0 ^ a : d firs: ar, * : 
e r i a 1 I a f e : , said i t : e ; m e d i a : e material 1 a y t : . an: s a ; d s e c c n d re b ; t r : a 1 
layer. while £ a b s t a 0 1 i a ! I 7 avcidiB? lapping c f said sere n c ntatcria' i 3 y e 



IS. A metbed for forming a ma g n e 1 c r 1 5 1 1 : i v c effect device, comprising: 
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f c r eg i d s a I i r s i shield o c 5 s b b ? : r a : e . said firs- shiei: h * " : : 2 3 
Y n e s s : 

f c r e i n g a a 0 3 i c : c c a ! . ! a ? c ; en said substrate, w 1 1 1 e 1 e a ? i n § s f : : = : s h 
ieid surface exposed: 

f c tie i 0 g 2 first i c 2 c a b c : e and : 0 electrical c c t a c : * i : li £ ? \ d f : : : > 
h*e!d surface; 

depositing a first materia! i a y e r . a 1 i 0 • e r ra • a I a ! e rt a t e r i a 1 \ 7 1 : . a r- c : 
a second material 1 a 7 e r c?c: said firs: lead: 

terming a first active layer free said first material layer, sals firs 
1 active layer having a width and I a ? i e g a 3 edge: 

depositing a connecting lead having a pcrticn c :- a surface i: 'mxeiia: 
t c c 0 1 a c t k i t h a 3 edge of said f i • s • a c 1 i v • layer, and h 5 v j d g a s e c c n i p 
crticn cl said surface electrically ccnoected u said firs: lead: 

exposing part icas c f said shield; 

r e m c ? i a g pert i c n s c f s a I d i g i c j rn c i i a 1 e materia: layer to f c * m an inter 
mediate layer baring a q edge, said :emcviog being tn.ro'jgb a nicsr.es? of 
said intermediate material layer 1 2 a i is i 5 s s t b a g a 1 c : a i : s ; ■: < c t s s r, I 
said intermediate materia! lave: ; 
r e mc r i n g p c r t i c a s c i said s e c c q 5 r& 3 i c r 1 a ; .'aye* t c f c r it. a s e c c n c a c 1 : v 
e layer having ac e 5 g e . having a width ibat is smaller tha; said *iiitii c 
f said firs: active layer and fa a v -; e g 5 f a c I □ g -dze :ha: lie; < pan? 
that is s 0 b s t a n t i 1 * ! y perpend i-cu] ar to said second active i g y e r : 

depositing aootfcer i nsu ! a t i eg .1 ay? : in i mrn c u : a l e ccttac: wiis s = :d ess 
e of said second active layer and s a : d edge c \ Said i 0 • e r ft t d : a : ? i a ? e r : 

f 0 r m i d g a second s I i e ' d over said secant active layer, and e \ e c : r : : a : 1 
y connected 1 c said second a c : i v s layer; and 

formiog a seosiog contact :ba? is electrically connected to sals firs: 
shield a q 0 electrically i s c ! 3 : e d f r c rr. said s e r c c ; shield. 
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19. The mciaod as recitei it c ■ s ; ro 18. f n r t h e : ccmpriiiLg: 

lapping said firs: acii^e ; 3 y e : aari said i n 1 1 rme d i z \ c layer 5 piar-t 
that is substsstiaiiv perpend:csi5! to said f : : s : a e i i v e layer, : >: 5 s : i 
second active layer . and tc said i b t e :rc c d i a t e layer, to asfiie a r z " b 
earing surface ia 3 plate :hs: i? scbstaotiill} diMerejt 1 h 3 1 a r> ■ q r * ; 
f said facia* edge c f said > e c c n d 3 c : i ? e I s 7 e r - 
3 Detailed Description of iaverr : cr ; 
BACKGROUND Of TH E INVENTION 

This i d v s q t ; g 5 reiates generally :s magnetic ditk drives, more per: i c u 
1 a r ! y t c m a g 0 e : 0 1 e s i s *. i f e [MS ; read heads. 3 a c . re c \ \ n a : t it" e ! a r It 1 0 spin 
-dependent t a d d e L : n g (3D7} rea: s t n s 5 r 5 a !i d rrerhecs of rraiiiig :hc same. 

Magnetic disk drives are ^es ■ c s;c-e a r d retrieve d 3 1 a Icr d ; * i : 5 i e 
1 e c t r c d i c apparatuses such as ccttputers. In Figs. 1 A a t i IB. a m 3 g 5 e • i ■: 
disk drive 10 of the prior art icciide? a sealed encicsurc 12. s disk d 
r i y e m 0 1 c r 14. a tea g 0 e 1 i c disk 1 6 . s c p p z : 1 1 2 for r c : % 1 : q n b ? a drive s :• : 
n d I e 51 c f motor 1 { , a q a c t u a : g ? IS arc a r a : ft 20 a i •: a c b e d 1 c 20 a c t c a : c 
r s p i b d I e S 2 c ' a c 1 8 a i c r IS- A s c s p ? o s : c n 11 is to s p i t i a : en: e u d ; c- t 
he arm 20, and b: lis oilier u: to a :ean/*rite neac c: Transduce: 24. 
The t j a c 1 d a c e : 24 typical 1 7 i a c 1 u d e s a * : n 5 b r t : ? e * r i t e e ! c c e d 1 * i : h a s 
enscr read element 'shc*n in Fife re 1C;. As the met 5: i •) r 0 1 a e s the ma 
gcetic disk 16. as indicated by the rrc.i R. an air bear : 0 r i* [cra^t: j: 
der the iiassdccer 24 caosiiig it tc iifr siigfctiy eff of the ; 1 : i a ■: e sf 
the magnetic disk 16. nr. as it is :e:me: in ihe a::, tc M i > ' : abc<e ;h? 
magnetic disk 16. V a ; i c u 5 rc 5 g n e t i c "tracks 8 c f i n f 0 f m a t ; r. - car be : e a e 
frcrn the magnetic disk 16 as the acttistcr IS cacses tne tran-duce: 2i : 
c p i v c I in a short arc a t i n d i c a L e u b < the arrows } ! . The £ ; e 5 i g r ; a 0 : mar 
afacture cf magnetic disk drives is *e!i kne^n tc thcie ?k :: irrl in :he a 
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Figs re 1C depict; a c : o 5 h~ 5 e c t : c na vie* of a m a g d e t i c rea:i'~::re h c 3 i 

24 iociudlnf a read element 21 ac-G a *rite element 34, Th ; ^ i .* - y y : c ^ " 
It ac icdoctive ?r r i i r ciexsn:. Exuded eiges cf the r * a d ei?^*: c2 

the vr:-e eiecect 24 ceiioe an air-fceariag surface AS 3 s aisr* e -:-.?.ct • 
5, w b i c h faces the s u r a c e cf : h e k 2 g a c : i c disk 16. 

Read c-Iceci:: 32 inclcd?? a firs: shield 5 H ] r an : n : e r-i ed i • t e isjer 3? 
vfeich serves as a.secc;: shisld 5H5. dui a read sensor 4 0 leca:?.: hr:~-:c 
d the fi-si Sfiielc SHi gi-c the ?. e c *• o c- shield SH2. Read e ; e m e j: : s ccmicss; 
? make use c ' a phescmeasn i e r m e c- i h e m a g n c : c f e s 1 s : : ? e e f s e c * (MS E* , "he 
r e • t b e e I e c i i i c a I resistance R c I -he read s e q s q r 40 c b s r» e e s * i • h e r: r? c : 
re ic an externa: in s g » e t i c fled. > :i c h as rn3?r;t:ic frisjriijg fiu" frGT: «r.2 
g d e t i c disk 16. .The i c c r e tn e d t a : e i e c ■ r : a 1 resistance A R i : d e : t c : e : b 
y using a £ e a s c c a r r e n t that is p a ? c r d t a r c u g b : b c read cesser JO ! c s ? 2 
sure the r c i t a i e across the read l e 2 s c r \ 5 . The ? : e c i 3 : c o and s e n $ i i i ; 
t y of the read scoscr io seositg the m a g £ e *. i c fringing i ! u i i & c - e a $ e ? a? 

the r a i i c c f A R/R increases. A i s c ; larger resistances result in large 
r voltages measared across the read senscr 40 which, -a t a r z . res*;!:? is 

greater effect i v e a e 5 s cf the read senscr. Teas, i: is d ? s i r a b ' ? -c mas 
i n : z e both the c u i p u : v c i ■ a $ e an: A H/S . 

• Types cf ma g c e i c : e s i s t i effects, sti'iztd \i -be read seise: 4 0 : ,n:!u 
de the an i set i tip I c tcagn t • o r e $ i s t i i e f AMJ? ) effect and : b e giant ica^re'.crs 
sisiive (GMK) effect. A part ice: a r type c: effect i= the s?ic lipDenrieni 
tunneling C S D T 3 effect, which can be Dies is ar SDT se:iscr. A scbeira::" 
c c f s d c h a o SDT senscr is i I '. u 1 1 r a : e i b v the read s c c s 5 r 40 I £ F i 3 * e i 
D . As is s h r t n . the SDT read s t d s c r '10 can i n c : u a e a : • i - : a 7 1 r . s cue t a 
e s referred t c as a : r t - I a 7 1 r l d n d e i u q c ? i c s . having a firs: f e r : c ai a g c e 
tic/(FM) layer FM1 and a scccod ferromagnetic layer f'S:2. *h\rji arc separ 
a ted by an inFcfatice iaye; INS. These layers are cr let tec s u b a & . i '. i 
f parallel -c t b e shields 5 H I and SH2. Thcs. «hen the ? * r ' e cur ret t ( ! 
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S iQjecieL to the SDT read sense; H b e : * £ e a ice shields 5 H I a : ; : H ; : r 
e curreoi eas travel substantially perpendicular :c tie layer: FMl. F.v- • . 

and INS. Id c : h e " *g-ss. the SDT read sensor can cperaie in p*. 
ipeadicalar to piaae -CP?) mose. 

la the SDT read :iC:n: -ID. the lerrcmagnetir layers Fivii and F M 2 can b: 
i a5 electrodes between which the s e c F « eeriest f passes threes 1: -.he : r. s 
slating layer I N S 1 > s i ■: h is sometimes referred t z 2 * che :^c:c ; barrier. 

The relative directions cf the m 2 g c e S : 1 a t i c r $ Mi sod M2 c? the f j j : r ^ re s 
goetic layers FMi aod . reEpecrireiy. can be infiaeaeed o) c x : c : : b ! re 
agnetic fields, t h c ; e b J chaogiog the resistance r. ' the SDT read sens';: 4 
0, ?hieh can be detected *itfc the sets? c 2 r r e d * 1. \ir, : e. specifically, s 
hen the ma g a e t i t a t i c n of cte of the f e r 1 cm g n e r i c layers i> an: i^pars: ic 
I to that cf the etfecr f e r r croa g ne ; i c iaye: the SDT effect resells in a \ 
\ 1 fi e j resistance across t b e SDT read ? e : 5 c ■ . w ■ t k a I c t e : r e $ i 5 : a 1 c c be: 
ng experienced when Mi a ad M2 are para: lei tc each other. Typically. SD 
T read s e a $ 0 1 $ e x h i b i t A X/R c f e p : c 1 ? 3 0 3-1 a n rl c c t p 1 : v c * t a g e s b i g a c r 
than 13 cT f which is higher 1 b a □ that p r c 6 d c e d with many crhe; r v p c 3 c 1 
MS read sensors. Thus, rhile ad? ace?; in m 3 g n ? : i r n 1 = k a:d drive t c c h r: ' 
• c g j a r ? r e s it • : i o f it m 3 g n e : i c re e d i a : b a t a a > e ; n e r c a ? 1 s ? ■ y higher area 
density, corresponding increasing read s e d s c r performance needs cn be m 
et by the higher A R/K an: higher ca:p:t vol i ages r. f 5 : DT read b-:r. 5 : 5 

The SDT read sense: 4 (} can be formed by surc^s?: tc dcp^s : :i';n ever 3 f 
irst lead (here : h ? firs: shield SHl) cf different materia :? * c for 2 the 

first Fill layer FMi . che insD-atic? layer INS. arc the secenrt F>! :*>-*- F 
M2 . Because the SDT read sensor is operated in CP? mode, 'he AE/Jc is p 
articula r iy sensitive ; G toe interfaces between the iaye'S cf rr.e >DT re 
ad seascr '1 i c t e r i a J e r ? e 1 e r f a c c s) . To p 1 c v i d c ialer'ayer ; r.*e'^ce> * i ; 
h mioiffiai pin h c ! e s and imparities, and therefore bigter AE/E. FiMi . F V 2 
r and INS can be successively depesirec lit 2 g c c-penp- cc^r. process. 
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The sensor layers 42 are i h e n ercneii u $ leg l y p i c a " ?• r c c ^. > > e ; tc i'Vtn: : 
he FMi : FM2 : atd INS. eve: *i-ich a seccne* lead. bere iht ?r:cr=d : ;. '. c f i 
H2 . is d e ? G s : : e n . Such ^ : c h ; □ 2 i: neeaei tc p ; c " : d « s -j : 1 s b ! e . : c 2 *i :e:*sc 
r dimeBsicn ccairc-i ic race. rcereising"* high magnetic ced-.a area u e i. t : : 
its. Unfortinately, :: lie etchitg i s peifcrined after a! iltrec n:«:e::2 
Is have been depci :tfd In a o & c - ? im p - d D*ii p ; c c c s 5 . materia 1 * : : c b :. c : :• 
en etched a*a? I r n m d 2 e of tbe three lajers can red^porit or. the cxyose: 

regaining pcrticn' of the cite: layers [aicsg the s i q e*a ! ! ?. 41). T:-.:i 
can cftc& resa't in :se i c c e p c 3 : 1 i c n cf porticos cm the iirsi srid/c: sec 
end f e r r crcag n e t : c 'aver* seen that ac unties ir able e'eciiica" p s : h - 0: S?. 
crt circa:!, is ferret be t ^ t c c FM! FS2 a ! c ng the side*;"!? 41. 

i u c s a sbcrc circuit path, ihe SDT s c n f s : ma? oc: ^ f 1 c r t i t s I ? p : 0 d j c 
e the spia-lcpeoden: r 0 n d « : i n g pbeEcmetcs. 2 r. d therefore e s h I b : : s r e i z c 5 
d s e a s c ; effectiveness. T h e 5 r c 1 ; •: a I 1 ? . she:: c : : c 3 1 1 5 could he se 1 2 : m ! n 0 

ihrcugb 1 be use cf complex, eipecsi^c. aoo/cr : irce-co 9 sum! ng p:cccs$ss 
to limit s d c h r eae pc 5 I • : cn . hopsver : this wcci: no: be c c 5 ■ - e f f t c \ \ > c In 
r commercial production c ? SDT rea: : <e-<cr>. 

Later in tbe fabricsiicn prcceSS. ; \ e 'ayers e f ;h? SDT srsscr *0 art 
iapped substantial i y perpendicular!" :c rhe sensor layer? 42 to fcrrr tee 

ai: bearing surface ABB. 0 n ! c : ■ u c- a : e ; y . during litis process. : c : : a 1 
ffens a facing Cc r front) 5 a : ; 2 c c U r ed|?e) r. f oce of the va'ic:< iijv"; 
can be smeared ere: the ether layers. li tbe mater i a 1 f r or- FM; ir.3/0: F 
M2 is smeared between the i*c lasers, such materia*, cse a'sc "era: ar 
esirable she: ; circuit parh between them. Further, as the res?i sense: 4 
0 thickness H becorses : c c : e 3 ; i d g 1 J sotaUe:. a r. c cmrac 2 a t e iiigfee: are* d 
eosities, FM! and FV? may beccme closer iogeiNr. ifetrei.- : ft c r e a ? : n ? r -"?JS 

likeiilicnd cf smearing between them. As cat be n n n ? ; s ; 0 0 *j by t h c > r s k : 
Med in the art. tbe pr obi ems c- edge : c d e p c S i t i c c ate smearing, e 5 2 :he 
ir coDCDraitani rediclicns in ? e a <i p e • ! 0 r ma t c e . can ai«c a c c n c s n : e * £ n : 
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D t b e fabrication ci ether -ced sensors rha: operate in CPF icri-i. 

Therefore. 15 prc^ic; the benefit;; d{ [he s p i s - d e p e 2 d e £ : : : :z'.i' : :zz c : * 
ect in a read s e 0 s ; r . 3 f ea: s e n s s r a^: 3 irethed for ataki:* t h * 
desired which have a high degree ci iiterlaye: interlace c < n : : <; i s r : i c 
avoiding the f c ; m a : : c n c f s 3 c r ; c i * : u i ■ paths between ccsdtc::?* "3;::: 
ct the read scsscr. A ; s 0 . i: is desired that s u r n 3 r e 3 : ? e : s ; h ? [3^: 
icated ! t § s c x p e 3 s. i ? e ' 7 a d d more 2 g i c k : y xh i i ? 't 5 i r ^ c * r : e : « sens:: 
process technologies. Farther, to meet rncressiDgly ti^h-:; s e n e : : c me 
a 1 i a area dessiiy, s e c fc a : e a c s € r: s g r is desire: tc be f 3 b r i c 3 : e : r ; :. fc ? 
high degree c f read :cg?c; i i m e n 5 : c : c G 1 1 : C 1 . 
SUMMARY 0? THE INVENTION 

The present invention provides as SDT read s e 0 s c r and n: e : r. s : for fcsk i c 
g the same that provides bigae •: p e r f c r t» 3 c c e Thiie $ itnu = t a is eo 2 = c : [ " : 2 : 
»S i ess cosily and less con«p!ex fabrication processes. This Is sccos?-: ! 
Shed bf providing an SDT read seoscr having substantially nc short c i r c r. 
it paths betxeea ike Us [ e r r caia g q e : I c iarcrs. and t h a r ; ? f c r m e c &v 3 % 
e ; h 0 d that i a v c i v e i simple and f e ▼ c ? e : a : i 5 s . 

According rc an emb-j a im c s 1 cf the preseot ; n ; r e n t : 0 n . 3 t:\-'.*.i»: BsgDe 
t c r e s : e t i v e effect sense; includes a firs: active i a ? e - - a ^ e r. c n d active 
layer, asd 20 i d e r mc d : a 1 c layer located between th? 4 ' : ~ $ : a c 1 : • e ] 5 y e r 
and the second active layer. A ri * 3 c : a g e 0 ■; s 1 7 . the f : * s : a r : : ^ - a 7 e r is 
substantial:? e 1 e c : r I c a ii j i s c i a t c c I r 5 in the s e c 0 a 6 set : " c i a y f : . ; * 2 s 
s q b s t ao ■ i a ! : ? avcicieg an electrics' shcr: circa:: he:*eer- :r»e f rs: act 
i?e i a y e r and the second active !ajc;. is a particular ercbod -iser 1 . lb* 
first acti?e )a?er has s first later face sir face q e f i d e f by a firs: xd: 
h. the second active !a"er b a s a second r n : c £ : a c c striae? Def:r.e<: bj 1 \ 
eccad width that is sms'^er than tag firs: * : 3 : h . asd th? \ c : e r set d : i : e i 
aver has a third iGterface surface that is proximate ihc firs: i::e;:3:? 
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surface acd ice: is defined ? y 5 :hir: * : d •: h t s a t is 5 s b i « a c : : * : 1 «;•::? 
! io the first »ic:i:. Fcrihe:. i c : e rme d 1 3 < e layer ha; a fc-;;h i n -r 

rfacc surface that is prcxiaaie :h? second inreiface surface ;ha: : c 

dcliDed by a fecrth *id!t tha: is $ u bs : a o : i a .' ! f esua; :c the seccr: 
ik. 

I e a o 0 1 ti e r sfsbed rmeo t of : h t p ; e 1 e 3 : i s 7 e 1 1 1 c * . 2 $ t 5 \ t z f c r r •: 3 : i s a ; 
rem sad w;iiicg 10 ra 3 2 o e : : c cedie i r c i u 2 e s a reac'/vrite he a: : s c I ■ c : 2 2 2 
vrite elccco: f§; ^ r = - i a g d a ■ a is the ir : 3 g d e i : c reed : a . sn: a :r;-.syt: rt 
ago e 1 0; cs i s L i v e effec: [MPE; s e 0 s c r . a; described shc-e. :»a: i< rcL'eie: 
with t b e write c 1 c m e n 1 and use: for r e 3 c ■ i 2 2 data i r c re : h ? nr. 3 ? n e : : c m e d : 
a * is such a s y 5 1 e it . : h ? 1 ■ : - 1 3 7 e r Mi ?. < e c s c ■ p ; c ? i d e s g * e 3 1 e r ? : e c : > : c 
n and s e a s ? t 1 v 1 t y io reading d a : a . is a p a r t : c c ! a * a: peer c* the ir^tn; 
ion. a first ac;ive layer facing surface and an : s : e rice 3 : - 3 ! ? : a r s r :^ 
g surface c f the t r i - i a ? c 1 MUE 5 e 5 s c r arc s s b : : a d i i a ! i y 10 a s a s e p . & e e 
that provides an air bearing surface. & h I ! e a s e c 0 0 d active ' 3 y e r I 3 r. i n ? 
surface lies iu ad if f c r cat plars. 
Id yet another e m b 5 d i m c 2 1 c f lie p ; e s e £ : I c 7 e n : : 5 n . 3 rr e : h c i i r. ; j r, : e ; 
Dg a magoe teres is i 1 ?c effect ;ME) device icciuce.- fc:x : f!J a I E 3 d . 

forming ao MR£ sensor cieciricaliy cocpie: *i :h the firs: esd. a r» d a s 
eccnd lead thai is c ! e < l r i c a ! i y c c a p : e d ▼ i t h the iviRt ser.scr. The MRE se 
nscr inclines a firs: ic:i*c 1 aye r having 3 :irs; cine* ?';:??:f ;U: :> 
electrical I y c c a u : e d with ad substantia! i y p 3 - 2 .' ! ? : r .1 : r. c fir*:: ! c a 5 . 
and a Sfccno a c 1 1 t c ia*er having a secca: g e : e r :«:f'ace : h a t : s £"?£'.::; 
ally ccnpled whh aoc s a bs : 3 5 : i a i I y para' lei :c Lhe se;c:d iea: ard rra: 

is separated J rem t k e ffrst active iayc; by an i c ■ e ■ ine g i a t e ls??r. {n 
addition, a rid^h cf che firs; acii^e layer is greaicr isari z j : d : r. c: : 
he second aciiv; layer. Further, an ciec:ricai p a 1 h ca!:;: b:-;^-:er- r b c 
fiisi lead at»d second lead, ifcai ira^eii i c b s 1 a 0 ; ; a ! i y pe ; pc nd i c a i 2 : 1 v : 
brougb lhe first active layer, inLerroediaie layer, and sccunc a c : i c isy 
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sr. Preferably, : i e f c r rr : n g c \ tz€ MxE sensor i r c 1 d d e • & rj p-c : : t : 5 ? a ' : ■ 

st materia; isycr. depositing ?.i intermediate materia! ayer c • *r ~ ? ■: 

rst materia! ia?er. and then depositing a s e c c c d material isytr tre 
intermediate material layer. The second material layer and t r, * :r.te:s:,£ 

d t a t e material layer are etched, lbs e t c hi s g being ? o p p t d otic:?. : 

he etching etches the firs: material layer. 

Tbe yariens c x-bs d : m e r : s of the present imeorlc* enable the res fin; r : 
magnetic media a: higher performance levcis. Farther, thtsc s 3 " * s t a .? e i 
are gained *hi!c maintaining ;c"=r fR3riufac". uric? Mire, cost, a c d > c?n p ! ? :; : 

ty. Mere S p e c 1 f i c 3 ! ! y . the varices embodiment' c i the p r € E e □ : ii7s2*.:cr. 
preside f c r a CP? mode read sender having Sbbrnicroj secmetiies that rar 
be formed o e t c k i / and : Lex-pens ive ly . Even mar e s pe c i ! : c a ! I y . a 5D7 r 2 

q sensor is provided by the raring embodiments of the 0 r t s e n ; \ 3 7 e 2 : i 0 n 
lo some embodiments, a method for ft; -rain? the read s£c>"r results :o 

substantially dc undesirable shorting between layer? of the read sensor. 

These and ctier advantage? of t h ? ptcSent 1 1 ? e n r i c ^ *i.i btcoa:^ appa-? 
ni ic these skilled in lit 3 r r npes a :c3d:ng oi tre fslio^isg iescriTi:: 
g 0 s c f t b e invention and a stony n I tee s e v e : a \ \ \ % 5 r 1 s c the drawing . 
DE TAiLEU DESCRIPTION Of THE EMBODIMENTS 

Figures 1 A - 5 D sere describee previously ic a disciSS'cr r. : chc p- : c 3 
rl. F i gore 2A depicts z f'OTcbar: c! a fabrication methes 50 fcr fc-fEtfi 
g ao SDT sensor according ic as cmbr c t tn c 1 r o! the present : ; ? e r. t 1 c r. . A : 
te: providing a substrate in 0 p 5 r a : i c n :2. 3 first s b : e : d i ? formed ct t 
he substrate io operation 54. While otter materials can bp zizi. the su 
bstraic can be formed of Si. while the sirs: shield is lorrrc:: 0! NiFv- : 
cr examp!c. The fir?: shield car; be (crtres it operatic* 5-! t h r v u ^ h any 
appiopi iaie method V n 0 * a to these skilled is the art. s c c b 5 s p . % t : r ? . 0 
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r fiira deposition fs-Ie*-: by Etcfcinj it the form si io; c:.:i- 



i ; e 



ic operation 38. n B8dt:c?«: layer is formed c.cr tit substrate >; 
isc depcsitiag electrically icsciatiog material eve: tee sst-.;tra:e tr. 
le FiM$ skitii - Tbc »ade;cca: .ay?- ceo be fsrincc cf materia'* ri:t 
.4! 2 0 3 : A i S . o: 3:0 2 . Tin tadercea: layer is '.he: p-eierab'? t-la-ari 
ihroogb a kccTa prices- sacb as e h etni c a i -at cb as : ca i pciifhln? CC^?) . 
posing tie fir- sfefs: d i: -he p-cetst. .4 firs: iead is 
t first shield io c o e r a : i g n d?. This first | C3 d car be rrtrtec of , s 
able conduct:^ material, tick a- Au . C. t: Ta, anosf others. Fh ; ; e 
ucos processes eas be Died to f«;« tie firs: it,:, it cne p-ccess a 
er of lead materia! is repeated ce: ;he fits: shield and ttdercoat 
er. The lead ma-eiia! is then etched it form the Mrs: lead t s i a % U~ 
methods s«cb as ion milling in ccajaactici -.lib j patterned pheuresi 
layer. Alternatively, with appropriate modification c« the belc^-des 
ibed operations, the fit?: shield caa operate as a lead, mittcs! the a 
i i i c a of the fits; lead. 

la operation 60, a etiaeciim; lead is ferae; s : 5Bf ^i :h a: ME 5 „ £0 
bavin? a firs: active layer and a second active layer that are scb;:*?. 
aliy electrical!? isolated from each other except itrnajj at i b t e r.t; d : 
t layer hr.vzu she :*s. Ir o p e r a : i c a 65. , 5ecc „ S |.: e:j :. ;c:a4i , 
r the serotd active iaye:. imo.-g other appropriate methods, the «ct?s 
sbield cao be formed by denosiricg shield materia! ever the MJtE sensor 
nd then etching the sbieid material srlih a kiuc process s»ch a; in « 
Hag with a patteroed photoresist ma ? k . A seasisg contact is formed \ t 
operatico 64, aad is electrically connected :c the fits: shield m : ;:c c 
iag electrical if i-o.'ared from she sec eta shieic. 

The fcrmaticr, c! the c c n d e c : :" e g lead and sense: is c re : a : : o s 60 s 
Figare 2A is farther detailed in Figure 2B. Id operation ?2. Iirs:. s 
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cDod ? and i a : e rtt.t i \ a t e &3ter la." !j?e:i are depositee- ever : r firs: 

Ic form a t r i - I a- f e r . Al:&CEgt this deposit :c- car be per forced : r. v«r! 
oas 'citable knc*s in 1 1 b c d i . it is preferable that a"i rnree layers t-e 
posited io a co e-pump-d ?sn process iimi tc these with ski:: : t tie- g.t. 

Using scch a pretest cohasces : h u : iter layer Icter faces ber^eeE tr-v th 
fee layers by . for example. min;nii*:ag :i:s i n c 1 a s i c r c? lrp:::z:«« cr 
d teles in t-be interfaces. 5 u c t a prccess i: preferable because the ntag 
nciores i stive ratio (AR/R). an; therefore cverai! p » - f r. - Tz R c e t c - ; g e rj 
P? read senscr is particular!;' c e n ^ i : i v c tc ttese i n t e ' : a ;r e interlace*. 

Tc produce a spiocenennent maseiicg ptusoateao;: . the h r s t as: > e : c n ; 
materia! layers a*e f e r r oma gu e i i c . liie i n : e rnie a i a : e =t.s i ? r i ?. ■! \ a ;* i 

r is f c r m e d cf a a e i e c t r i c a : t iasalatinf material. Fcr exams ! s , -he f: 
rst aod secosd material layers can be formed c! XiFe. CnFe. . ?*. or != 
ther ferrcatagoetic materials, *sr b £ I e the intermediate catf' r 3 : lare; cac 
be formed cf AI^O*. A I N ; BN. N ; 0 - S : - S;C cr ether i c s a : a r : n g in a t e r : a ! s 

Also, while the first and seccsd ni3 : c : : a i layers are in -hs rang? of 
abcDi 10O0 ingstrcafiE tc abeci 2 0.0 0 0 aagsirstxs ttici. the : r :. e r ire : : a ; e : 
a y c r tfaickoess is i c the range c f a b ■; a i 10 a o g s t r i bi J is abet t 20 a n g s t r o 
ms . 

h via h <j *£ e is etches through :ht t r : - : a 7 c r tc the ; :'3t t z s cperat 
i g s 7 4. T b e via fa a ! e can be etched in any appropriate i n c * n metres * i: •: h 

as ice ru i i i \ o g t h r g b g h a patterned p h & i c r c s : s : * a y e r . H c «? e * -t r . prefer? 
b I y , the via hole cac be etched nsing ion milling through a b: ' a y f r res 
1st stricture thai is appropriate 5 ? patierned tc achieve a d 1 1 : r e c via h 
ole shape . Aoclher via h c I e a j s «j can be etc lied through the -ri-iayp- 

i b c first lead, in ihis cr a separate cperatlcc. at seme : ; st6i)c? a*ay 
irora the first via bcle. in operatic: H. . the (:rw materia' iayer :s e 
iched tc f e r m a firs: ac;i't layer Ttth an esge. The etching cf z -? * r 3 : : 
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en 7 6 can be p e ? i 5 : .t t t. ?. : i h c s a tn e -ine s s : h c c : c b : t g o i r :• t : 3 : : * 7 3 . 

D » r -: d g cptrafico '6, :he iercod sod : o i erne c i a t c materia; *£"eri c ? r a 
Iso be etched, -hereby ei-pnsiog edges c f the sccca: and i g 1 1 r a- s 5 1 3 : 5 in a : 
eiial layers wbicr. LOfetfee: *:ih tee first a c : i 7 c ] a 7 e r edge, f c 'e 2 =: 
derail. X e d • p c • I : i c n ; 2 r. c c c c : i t : i n 3 t \ 1 c : c \ i d g s . s a c b ■ h < : the I : - \ * 
m a t c r i a : lave: a 3 d 2 e c G n i ec a t ? : i 5 I 'eye: are t i c c i : i c a i i 7 >: c d n e c : e : : 1 c 
Dg the S I d e x 3 1 1 . Ccrneciin? f c ^ d rcstPiiai is ccdcs::?:! the 7:3 ro : 

.c ic cperailcn 78. This marc::3: cai: be Iciiuei t* i '«ar:03S • i 1 3 b i e ccse 
u c I l ? e materials- I: add: 1 i c n ; h a r : bias materials, sicb a.? h : g h - c c <: r c : 
vity CoCrPt. caa be d s e c :c a d 3 i : 1 0 t a I ; y prcvjje biasing n\ L h- e r?a: sen 
sor layers . 

Id c p ; r a £ i c n S G . the second rr. a : * ■ i a i ! a 7 e : : : e : c L e d SO c 5 1 c ; 0 : m 5 
ccend acii?e layer *iih"aa e i g e . *hi;e :h? i 2 : e rme d i 3 ; c materia! layer i 
$ etched 0 o 1 7 part * 3 7 { h r c c £ *n 3 t r- t 3 1 i h i c k 0 * ■* s of : fc t; i c *. e : k e ; i a : * ft 2 : 
c r i a 1 layer, thereby f c • m i d £ an rntcrmsdlai? i 3 y e r h a v : n 3 3 & edge. This 

etching r e ra 0 ? e s material a : the t d g e >. c ? : h e > e c c r d a c 1 i 7 e : a • e : 302 : s 
e i 0 1 e r me d i a t e layer snch thai there i s 3 3 s : a 3 : i 3 ■ ! ;• e i e c t ■ i c 3 zznz 
cctic3 bflweefi the firs; acrivc iaye: ar.c the sec&nd 3 c : : ^ e Uytr at the 

sidc^all. Operat [ c o 82 includes lieocsiiine an ; n < u « a ; > c & aye: nver t h 
e sccGdd active Iajer edge ant eve? the I c : t :mtz i 3 : c "> z y e r edge- U ; h [ 
s way, while electric c t ? : e n t can pas? hr.:.'?it the firs: a : : i v e '.a.-e: zz 
d the secood aciive iaye: thrcu^n in? intermcdiaie layer, tht 5. e c c : : «*:t 
ire iayei is s u b 1 1 a r. : i a '. 1 7 electrical i ? c 1 3 1 c d front t !: c 1 1 r : ; active ; 
aye:, cr. in ether ffcrs=. there is s u b s r a r. : ; 3 : • 7 nc sb?;ri circui; d a : b b 
etweeo tbem. 

Figures 2 thiOBgh \\ depict an SDT sense in acccrsiErt ?::h at crcb::: 
m e o : 0 1 the p r t s e a : i d i c 1 1 i c c at f a r i e 0 s stages c ? f a b r : c 2 : i n l- . 1 ; i 1 % 3 
mctfecd acccrdiag rc an crabcdiaien; cf the preset | d? e s t ; c n . Fiv^re 3A a 
q d Figure 3 B d e p i ■: : a p ! a c 7 i c * a 0 a csss-seciicnai v;ev. * ? $ p e c t : ' e . v . 
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cf 2 ssbstra'e : 0; c c '/ e > e ti bj a fir?: « s ; . ? : d !M and a p'aro'ire.-; :;riv': 
oat 1 a y- e r 106. The srbstran IS; cat be fcrme: c! a s J a p p r c - r s : f r Sr - c 
CBdec t : ?c Batcrls! s;:h a? siirc'ct c-iloe. The firs: sh : ein \di is I — tf . 
d cf any apprcDiiare fB a g n e r : c materia: such as NiFe. The ^irs: s h : e " r I 
04 can be define: hv any kno?n prcces* such a £ - app ! f i rf a p a r 1 1 - r i ^ ah;: 
cresist layer are: the substrate 102 aci then plating the fir?: s is : E " d rr 
3 1 e r I a : c a • c the s u bus r r 3 : t ! C 2 . A ; t e * t a t : v t [ ? . a ' i • s ; e J . • • • tt s r e r : < 
can be spattered onto the £ a t ? : r a t e 102 and then etctes m i a g icn a: : : .* ; n 
g. The usrietccat layer iD:" is re free: bj sepssitisg c n d e - •: c 2 : mare':;;!, 
such as A 1 9 0 3 . Si0 2 , cr ether t.pprepr is : e ieseiatin? materia.', an: :s*t 
p 1 a a a r i 2 i d g the aade/ccat ica ier iai is expose the firs: shiei: 134." 7* he 
p f a n a r i i a t i c £ cf the aocercoa: mate- : a * cao be achieved Lsicg CMP p~ocer 
ses. cr cthes appropriate precedes knean in the arts. 

Figures 4A a o g IB depict, ie p ! a o 3n d c r o = 5 - t e c t j 0 a a ! vie**, respecriv 
ely, 3 first lead 108 formed c?e: the firs: shield 104. The fir=: lead 
108 can be formed cf suitable c c q d 2 c t i ? e materia! scch as geld !Ae' . cod 
per (CO. cr t a d t a I um CTa) . Fu r : her . the firs: : e a ri 7 (? S car be ser'isei 
bj the deposition cf a fall film cf the i tat .T-ate-u: r ci \cr t j b? erchic 
g sacb as ioa ciiiicg. Figures 5A and 5B s b g tv a s p i n - s e p e n c e n 1 tsoeelin 
g 'SDD multilayer 110 c v f r 1 y : Eg the f i r 5 1 shield ]U. : hc slana:::ec ?it 
dercca: layer 106. and 1 h £ firs: lead 108. jU c c e> i c : e d it F i jr r r e 5 B . ■ b 
e SDT BBliilayei lift ireicdes an BUT trf-iaye: 1)2. a b:v C ^ b I c h as ar-r.i- 
f errcmagoelic CAFM) ; 3 f e r Hi. 3 a d a cappic? layer 116 lit- : > e SDT :ri 
-iafcr 112 iscisdes a firs; magnetic layer. FM£ is contact sit?, the p 1 5 : ; 
a ? i 1 e d undercoat layer 108. I be first shield IN. aod t fee firs: ! c a s ' 1 0 c 

io additieo. the SDT iii-layc: J J 2 iacluscs a Scc^ni f c r r 3* 3 2 n ; t i c 
yer FM2 , vhicb is separated frcm the ?i;i: ferromagnetic ; a > e r FM i b* 

iasnlaticD iayer. INS. in scch a c c s f i g c r a : i e- n . the AFVI ? a > e ; fiDc::?e 
s tc pin the ma g n e : i 2 a : i c c of the second f e : - oma g n e t i c ;aysr FM2 . *!tic& 



a 
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is. ibeiefoie, a piuct: '.a*;:. Wfciie otbe- process?; can 

rablv -be SDT il u ! : : * a r c : layers are sputter depGiiied : z a ccc-jsSj 

fasbico wiihcu: breaking :Le vacccn)- Siica depcsi'tcn can ?;c:-:-;e i>rc'c 
fable inter i a f e r : r : e r f ^ c e : . 

F 5 g q r e $ 6A a 3 d 68 depict a pa: 1 e r 3 e d b : - 1 3 t r r phstD.'esis: g ; ; ; 

as a His: via he", c 1 : 2 y c d e Stcocd v;j b c I e 124 which are io;n:; b : [ 
tchlng ihroBgb the pj: : e r aed bi-lafer p n c : c r e s : = f 120. This & f -b : - 

layer phctcresisi c 0 s ■ ; g d r 2 : : 0 q aid? lb? removal cf :be phnicre^ :"e 1 
aterla! after hare t- i a male.-);: is dspcsiiec. 21 described ht.zT. The 
patterned b : - I a y c : p h 0 : u r c ? : si 125 can be formed by a 2 y Eelras'e kiio*: E 
cthed that resaln Id :he s : e p p e d pmero *i:fc eade;ca: sh:Tn in Figure 
6 3. F c r example, a f : : 5 1 p i; c » 5 f c : i E *. i a :- T e r : 2 0 can be ri e |? 0 ? i r e n n v e r t fi 
c SDT en 1 ■ I ! ay ?. r NO, eve: *fc:cb a sccced phctcrcsii: layer l/.S i? sepes 
iied. Different csreriais can be c'scseo lor :hz first p b 0 1 c r e t : s : layer 

126 and cbe s e c 0 q d p h 0 i 0 r e $ i s 1 j 2 r ? ; 1 2 S . s a c l : h 3 : a p c 0 e r p c 5 fi r e ; : h e 
t y c layers r 1 3 c : d i f ! e r e n : 1 a d : 3 r c removed a : : i : f e r e z : r 3 : c s f • c T: esc 
b other. With the patterned bi-isjer phc : c r e s : 5 : i2(L is: m i : ; : n ^ fcr-zs 
the first via hele 122 and scccH vl? Hi? t h - 0 3 g n :r? S DT m\i '. : I : * • c 

r 110 t c expose the firs- lead JOS, This etching a i s 0 e a ;> c s e * a iirs: = 
i fi < w a 1 ' : ( c i edge) 125 and a s c c c n d s i d e 7 a i i J c- r edge; I 7 c i : h g SDT nr- 5 1 
ii layer 110 :ha: form pc:::55i cf -hi- bousdarie? of firs- 5:: s?^[ : -.js 

b c 1 e s 1 2 Z . 12-I. : e s p c c ii ? e i ;- ; . In a d j 1 1 ! c n . a * : d : h ft' ; c I a d r- r : : c 0 ? 
FM1 that lies between the iir-; and sscsnj via Lc'es L22.!ji : dei::ec. 

A i t e J 0 a t i t e i y . an i in a ? e reversal p : c c c s s cat- be used : c ? c ; ir -he ? ; * 5 : 
via b c 1 e 122 and t b e second via fa g ! c i 2 * . T h e = , a ; : 0 i 5 p c i & : It :ht l - a 
bflcatlcn. frcrs a p i 3 h vie', rhe patiercec bi-'ajc; p b c 1 0 ; c * j ? ; 12 0 ?rr 
exposed pert • c o s cf ike firs: tan 10* car be seen as d e p i c : e ; : r. Fi?c-e 

5A. The remaining per: ice cf F.Vi fc-nij 2 (Ir*: active " ; a r c r . 
Figures 7A aod 78 sto^ naieriai depc?i:ec is:c :be !ir>; * >; a Ij'ie 122 
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and into the sec end *:a hcie 1M jr fcrir a hard bias leas, or - r r. c : : t g 
I e s d s 132 a o d a h s :• d b : a s j 3 4 . re^pectlvelr. VSTh 1 1 e t b e p s : \ t r r= t P : - : ? 
?er pbc-cresisi 120 Is :d piac. Qi:rin? the dcpcsiti.cn sf iht h 2 : :• t : s s i 
C3C 122 and h 2 : d b:?: 12* materia; ; after r s f s= deposit:*:* the d a : : e r r ? : 
b i - ! a 7 e r phctfiresist 12G is rented. Tnoi T in plan a; &e 

in Figure M 9 the top c . :he ST?, m 2 1 1 i £ y e ? lid. cr the capping :*"er : 
lfi : can be seer ai'sii's «:rh the hare hi a? ; e 3 d 132 and the ha:: b:?? 
As c a d be seen in Figure *R. the hard bias lead 132 is centimes? \r:r.r. 
the SDT t r : - ; 37 e r 112 aicn? tie first $;rie*a:i 125. wn : i t :he h s : r big: 
134 is ccatigcoES with i n e SI/7 t r I : a y e r a I c n the second ; : d e * a ' * ! 2 ; . 

i: is sboTn id Fifsres 5A a d d 83. tec SDT m»; ; t ! i 2 r e r i ] G is e:ch?d. t * 
ereby defining a shape c? the first f e - r cma g n e : i c layer F£i. ^a ; n. ■: 
s etching can be perfcraaca kucvn n^ccesse? s*cs a.? the « ? ? c f phcrc 

resist that is patterned an: then b s e d in c c n j 5 n c • I c 0 * s : c :u rn : ' j : r, g . 

Althcnjo act shews in F:£r'e SB. ctcc sidc^alL 5 of : r ? SOT irir'iiav?: 
are formed tfuricg this etchio*. After the etchlsz ani rem^a- 5! ar-y g 
sed phcrcresist. Figure £.i shs*s that in p T an vie^. the h 2 r d biss 'pad 1 
32 ? the hard bias 134, rfc? upper capsitg- are' c? the SBT m? i r : a 7 e - ill 
. the firs: shield i 0 4 . 3 0 d the p ! 2 a a r i 1 1 z n q d t : c c a : a 7 e r ! 0 « can be > e 
en . 

As is depletes in Figures 9A and 93. arcther hi iaye* ohcrcresMt : 2 : 
is formed ever a pcrticr: c f the SDT o * t i : a 7 z r US. a Dottier n f the h 3 - 
Q bias lead 132. and a portion c; t fe e first 5 h : e : d 104. With :h? b; :3- 
cr photoresist 135 in place over ibe SDT multilayer lit. the SDT ms I : : I a 
yef Ilfl is etched, fcr example by ioa rtii.'iag. B7 t>ic§ :ee {? : - ; 2 y e r i>i 
ctcresisi 135 ever the SDT multilayer HO. cr ether sciLaiU n:lh*d. t ? 
criios c! the SDT njtiiiiaycj IJO rcmaios incac:. shiic in a!' otter arcs 
s, the capping 116, 4FM 114, and FM^ layeis are reriGvec. txp55ir,g :r.c J>" 
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5 layer. 

Figure 9C is an enlarged *:e> ib::gc; iiiGSirating the r ?.i i '. ; : : -hi- 
etching Id the area c- ! :he 'ifii and second sisevaHs 12: sri 127. IV b i 
e the first and seccs: s i d e w a ; ! s 125 an: 127 are shewn to exespiif} 1 1- c 
results c I the c t c h : e g . c :• course similar r c s u ! t s are a c : : e " e : is : b e « r 
e a s o? the ether Eiri**a!is c f the 507 nu i i : i a 7 e r 11? t'ss: are c^h 
i q Figure 9 C . Due r c : L e stepped a n i u ad e r c e t c a ! z ' e c f the b : - ; 1 \ c : t -\ 
0 1 0 r e 5 i J t 13 5 I c : id e a a b c " e ; L e SDT ie & ■ ■ : : a y e : . portions of : fc t capping. 
JFX. a 0 d f t r r cmigc e : i layer FM- bc:*ces ike first aid secCfifi iide^;::^ 
12$, 127 remain io:ac: : * : : h thai portion cf FM5 tha: r e n: a in? f ^ r m : c g j 
5CCCD3 active I a 7 e / . As can bt see n Id Figure 9A. the s e c c n d a isy 
ei tbcQ has a facing -or ( r g e : ; sgjfacc ;c: edj;) 126 t b s r ":e> a s z fc 
s t a d 1 1 a ; [ y different p?anc than thi: cf 3 f a c : c g surface 1"" cf it,?. -Ill 
t active layer. la addition, i b e e : c b i & g is haltei before eLcbin? i> 5; 
c c tc p J i s b e d l h : c u g h an e n i : ; c 1 h : c k a e $ i 7 c f the i & $ h ! a t i g p : 3 y ; . INS. 1 
he r c c a i d i d g p 0 r ■ i c c g f which f c ; m s 2 a i d : e ; re e : i s : e i 2 y e * . Thus, b e c a u s 
e the FMl layer is oc: exposed soring -a-. 1 ctcaios. : r e • e c 5 n be s r» b i : 3 0 ; 
i a i I y to r e d e p c s i t i c n 0 ! etched FM2 m a : e r ! a i : h a i ■: g e i d c 0 n n r. : ; the FM ' 
and F M $ layers. In this *aj, vhiie e : c c : ; : c currco: can Pass h?:*cen lb 
c first active layer FMl and the seeded aci:vc -aye: FMi ■ h r r. e 2 h the In: 
eimediate layer fN*S : the sreend active iayc: F/M2 i- s 3 b £ t a n * : 3 ' ! 7 c '. c •: t r 
ically isolated f r cm the first active iaye' F >T 1 . r t r. in ci-er ^nro?. :he 
re is s 0 b s : a a l j a ! i 7 tc short circni: pa i h b?:*cec i a c m . 

1 0 a particular embodiment: c ! the c- r e i e b : i c *• c 0 ; : c & . the e n ? p c i r : c i 
the etching can be determined by moni: criog the milling rate cl Si)T 
layers. T b r c u g h ; c s : : 0 g . the c ; i ! i n g r a 1 c t are d e i c : a- • c e i f c r the par:: 
colar materials if FM2 and INS that a'e rc he used. From ibes; or. : I : : r- ? 
rates, an a '. g 0 : i ; qie c a a be devised for d e : e r m : n i c g li c * re u c h locker to e t 
c b given p a r t : c 0 i a ; m : 1 i i n g rates c b s e - f c d d c r i n g f a b r : c a : : u 2 . T ht s ■ c : 
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arsng f a b r i c a t i c n : the ar. : ! : I c g rate t- f ihc SDT layers is men : :c:c; . arc 
D) i [ i i 1 g is stepped b a s g ri upon the detected milling rate a r d : h s e 3: p : : : c a 
1 i F ocvised a I go ' i t . .4 i s c . ^ t e a . t b c ma le r i s U used in FM2 a:; : >!$ hi- 
e sigolficaat'j ii-ferea: r.iiiio-: i a : e s . as is the case bsr^e^* v ; p ^ 

AIM. the change in mining r a : c 5 is nore easily and mere :-;ck.; : retvgt 
ized. 1 a c i • i t a t i s J p r e c : ? e etch end-pciot detection. 

After ibis etching. ;rsich dees net extend ic c h e Ftf: lave;. ? f :rs- ; 3 
terface surface 140 cf F>1 1 better, the first a n J secci-i s : f c ^ z " ? ? 12b. • 
2/ fia s a fiist ; d t c W] . -wh 5 • e a s e c ? n c interfile: t u r f 3 1 e 142 or FX 2 55; 
weec the first asd second S : d e w a ; ! 5 12:. 12? has a second widtr W2 that 
is smalie: than the first width W: . F c : L h e : , the INS. or i d • e 'ire d : 2 : * : 
ayer, has a third interface surface i4l ^ i 1 1: 3 tain width WS-thst is su 
bstantlaiiy e q u 3 1 :c the first sidth W! . and a foi; : .E interface seriate 
H6 with a fourth siath *M that is s e b * t a n : i a i i 7 ecsa! is the sec-'no t:*: 
th ^2. Of cccrse, alternative etching raeihuds code be u s € d xLc? sclIo 

e i c b only part way l h r c g f b the INS -are: as described above, b *j t which 
ccafd resolt in differest relative *:stas c :' ih: abo-e d c e ■: r i b ? : : 1 : e r ! a 
ce sarfaccs L b a q those s b e * d in Figure 9 B . 

Figures 1 0 A a u d 1 0 B shew the addition c f a d i d 5 1 : a ; 1 c n i a ? i : 15* ri e 0 ? ?. 
ited ever the SDT Eultiia-e* II G. the h 3 : □ bia; I e a 0 1 2 2 . th? hard hi'? 
13*. the first E fc i e ! c 1 0 4 - a 0 1 : h e : - s u ■ 3 : i c t layer i 0 € * h i " e : r e s f c t c c 

bi- layer photoresist pert tens » e r ? s : i i • in place. After rercrvs" n f r r. 
t second b:-!aycr pi) c • 0 r e s i s ; . 5 first soie-s pcrtics 104'. 5 rare ba : 
lead pcrtica 13 2" aof ar SCT mcit-ia'er portion HO' are expesed th':t:? 
b the insulation layer I z 0 . Thus, as shew n in F i g a r e L I A and ! 1 E . a ? e c 
cad shield 154 can be formed 1 e contact * : t h and c ? e : \ > i is g i h 5 S I? T ir u i t : 
layer pert i en ! 1 6' . The second shield I S 4 is fc:nt?d cf an* suitable c c r- 
d t c t i ? e materia! and can be f c r m e ri by firs- depositing an N" ; F c sec:- 1 a ? c 
f and mask. e.g. ; a phctcpiaiiog cam C 0 c t short)- alter *h:ch the seined 
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shield 154 is p'.aitc. Similar'?. ?nn p g i c d t : a 1 i > t : * • s «r o 

s s steps, a first > is i e 6 via n i o o 156 and a hard & ! s s ! e tri t : a i v f 1 H s 
c a c be f c r n> c d . The tn a s k a ~ d s e ; ri ! a f z : a : i : h t a removes : c e x p o s ? r ^ : 
s d I a t i c n ! a ? c : 15 0. 

After additional fabrication f c : re ? a » ; i : t e i e nt e l : 34 c f t • I ? i n ? : h ? S3 
T mnlti-iavtr (do: sao^s;. tbe :ead/*r::e sensor is lapped : r, fern- 
f bearing surface A ELS that is f a b ? t a r, : i a ' : y p^rpesdicuia: to tie S S T ; ; 
ers and s a h > t a e : i a 1 ! y parage; to the vie*in? p ; a t e llB-ilB. With a p p - : 
priate IccaticQ of ibe I : - ! a ? e : p&crcresis: shG^n in F:?u:c S3. a:c : i a ~- 
i a g t c a cfirrcspcad.agi? a ? p : c ? : i a t e pare, the YY/i facing s $ : f a •: e - 1 3 6 c 
ao be recessed relative to i'm ABS (atd thereby ■ e i a ■ i v ? to :hc firs: a-: 
t i v e layer Fill facing s : r i a c e 137;. in this *z? . FM2 li cc; I a ? p s d sad 
thus smearing c i i * e FM 2 materia) i = a v s : d e o ii a r : n g ; i p p : & $ : c thereby 2 
rcid forming a she ft circuit between KM! and F M ^ . Vii-'i. tber? is enp 
ortonity fci ccrrosiys c I FM2 through espesare a: : r » ABS- Id a ddi t : J* . 

f c r appropriate recess d i ? t a a : e $ Z . even t r n o g h : I c recessed : cc a t : c s •:• 
f tbe pinned layer F M 2 ,a f f e c : $ rise free jays: FMl m 2 z : e t i s s t i s i: . tec cor 
responding percentage resuctioa ic 5 DI 5 c a s c r s e 3 c 1 ; i ^ i t 7 is Small - Mc * 
e $ p c c i f i c a I I ? . a 1 1 fc 0 0 g h tbe sens tog 1 : e 3 i 5 r e d a r. c : by ; b i : r e c e 5 5 c a d ? 
sign, the intrinsic high res istacce a 0 d b : g l * A R/R c f the S 3T s e 3 s 3 r can 

compensate f c ; toe reduced s : g o a : . F c - e st 1 ni p : e . ^ i s j i s g a n 537 A K /S 
of about 2 0 rt . it has beet ci-CB-atca that ?itfc Z a b 0 s : C.2 at . the f r : 

layer t i ! t $ a b c o t 7 0 d : { f e 1 c a l : h a : if Z = C . the : e ri c z t i a : : r. sennit: 
f 1 1 t is ieSF t b a d abcui Ccnparicf sacfe pcTfertnacee an AMR ai3 

umed tc have a AR/R of about 2;t, Ibe recessed defiga SDT senior stiii c 
xbibits s i go i f i ca 0 1 1 7 greater s c n $ i t : v i ■ y . 

Tbe 5 D T read/*-ite sealer :hu5 fat: Scaled, then cat be : c c c r p 0 : a t e :' * : 
tb a sespeosioo svetem that ran support tbe reas/wri:? bead for ntO'eaten: 

eve: a surface c f a ie a g n 1 1 i c media, and a disk drive meter : r 3 : b a ? 2 -ri 
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rive s p i d d 1 e epsn *h : r. h such a magne i i c mi'd i 2 is s ti p p c r t e : : f : * r. 
as iilastraieri if. Figc:e> iA a n c IB. With appropriate *:rin£. >iz>\tj 

current 1 can be i t : : c d u c- d rtc'SDT layers r i a bard bi?s "ft id. 'is p. 
u * 158. the bard h :' 3 5 ! e .3 d ! 3 2 . an: the first lead 1 0 3 T as c a : .be ?j r- : ? ; ? 
toed vith reference :c Fibres ! ! A and i;B. The sensing es'-en* c : " c *= i : 

coot i cues tc the second shield 154 after passing l b r c u e h the 5i)T 'ue;? 
*'iule the sensing csrresi i: appied. cne v c I ^ a g e :-ilerence b?:*e?n 
toe first shield, via a ?d : op; i a * e firing • e t h * first shield *;s n i '3 
6, and the second s r. i e i d 154 can be rcrjisitcied :c determine the resist:?? 

res p cose c f the read E e n s o r a c r i 5 g c p e r a : i c z . 

Wh ! I e embodiments e ? t b e p r c > c r. : i e v e n ; I s b have b c c a describe: : : : h e 
coolest cf an SDT read sensor, ir s h Q u i c be nsdcr £ :cc-a that the prefer: 
invention can aisc be practiced In the rcarea: cf o : h c / types cf C?P *ea 
d scoscrs that tan becefi? [rcai s a h 5? • a t : i a !1 j avoiding sh^r: c:r-^i:s be 
t » e e q parallel i a ? e r s 1 1 a : G v e : ! i e nse arjcrher. 

A Ilk c u g b t b e \ c r e g c i n i invert : c n has been described i o s 3 k € retail f c r 
purposes of clarity cf u nd e ; ? t a n a i c %. i: *i i i be apparent frha: certain 
changes and mc d i f i c a i i c 3 s in a j be pracrtccd w I I k I n I; e s c c ? e c f : h « a n e n 
ded claims. Ac cor d i nf i » . rhe pie* err* crab cd i roe o : * are ic be ■: cos! ceres a 
s illustrative and act restrictive, and izt : d ^ e n L i c w is lc: : ■: be iiiri: 
ed tc the details given be'ein. bat ma? be ircdifiec » : L L ■: s ifce sc^pe at: 

e Q u i ? a I e d t s c f the appended c 1 a i m > . 
4 Brief Description cf Drawing; 

Figure 1A is a par-'ai cress sectional Iron; elevation v:«t c ! a ir5g:e 
lie disk drive ass sub i y : 

Figure IB is a ice p ; a d . ie? alur* line I If - 1 R n i F:2c:e iA; 

Fignre IC is a c r c e 5 - s e c L i o d a i sice vie* cf a r e a c -^r i : ^ read 1ecc:ss: 
arisg a magae ; c r es i $ : : vc effect read seoscr: 
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FigDie ID is 2 c : c c :: o: a " vie* ol lit reaa c!«mest iC: 

Flguic 2 A is £ f:o* cha*: of a meifccn cf f citing se 5DT : z a : <?:--c". 2 
c c c ; d i a g : g as e a b c : i a e o : c • : h e present : q * ; e t i c c ; 

Figure 2B is a f!c* char: c? the cpsraiicn cf fcrmicg ao i l i s :at : : i : c 
moiii-lare: cods t rue : : . ? c shess in F : ^ e r & 2A ( according iG an e iG 5 o : imen; 
of t b e p • c s e o : i o v e c t i g c ; 

Figures 3A. 4A. 5A : 6A. "A. HA. 3A ; iO:i. asd 1 i A a:* plac cf c ? 

artially fabricated SDT reac Hen-o: a: van* cos stages ci i2brics::^::- * 
c c r a i s g i C an e ie l> c d i n; e l : c f the p : t ? e .i : i n v c n : : c c 

Fignres 3B. JB. 5B. 6 3. 7 5, SB. 9B : !0R. » nf 1 1 B ars c : c s s - s e c : ! o a a ; r 
le*s cf tbe partially iabricated SDT read stoscr c- { Figures 3A S iA. 5A. 
6A, 7A, 8A, ?A. iCA. aa; HA. r e s pe : : i 7 e ; y . acrnrcisg ic an ernb*: i fccr. \ c 
f tbe p r e e e o t i & v c o ; : o & ; a n s 

Figure 9C is an enlarged c • c $ s -5 e : : i o n a i v:e* tf the p s r : is: ; y fabric* 
ted SDT read seasei c? Figure *B : accc-disg rc an crcbc d imes : cf \\z ores 
e q t i 9 v e d t i o n . 




&B32000-123325 



41 




#112000-123325 



42 v-y 



so 




Fbe/W f=\E.S.T -StUGUti 

31 



R«T UEftb 



^ctv^e* owee. ^ij^-secofOb active 

SUBSTANTIALLY OJfcCTKJCAUJV l<Ot/TED 



•setoioa Acrwe LAV^E- 



^2. 



{ Raft/A seTpgtMfe ^NmftcT j< ^" 







LAP fn€ST ACT W6" LAV 6^. 


! 





Ip4- 




60 



I 



j 



-TDfbEM first /.crnyG i>*VEK. 



MATERIAL IMTO V/A ri0L.€" 



I 



src* through rseeofoo MAreeiAu mVerf^ 



tTveE. «eco^ Acnt/E. 0>&& 



#112000-123325 



44 V-y 




#532000-123325 



45 v-y 




40 



&m2M0- 123325 46 v 






#§32000-123325 



47 V-y- 




^^2000-123325 



48 v ~y 




Hon 






2112- 








'A 



*$BU2000-123325 



49 V-y 




^2000-123325 




&B82000- 123325 



51 v-y 



F\bi)££> HA 




#H2000-1 23325 



52 <-v 




, ^^2000-123325 



53 V-y 



1 Abstract 

An SDT read scssc: incites a first I e : r err i g a e ? I c (FM) : a ? e r ?.r.s » >:C 
ond FM layer separatee by ao insulating layer. The fi's: FY : ;ye: a ; • 
eccnd FM layer are s u b s *. a n t i a I y e : e c t r i c a : " f : < c : a t e : f r ct. e a n b <:■ : h e r - 

Spec I f ica ! I ? , !he side*a!ls g- Slid SDT read secicr are i ~* i> s r. a r« l : ?. ; I y 
I ? e c c f electrical paths b c i * c c c • b e first F K layer and : b ? 5 e c o n i Pi! i 3 
ycr. Alsc, a surface of the second Fx layer that i; s u b : t a s : : a ! ! y p^r*. 
iel tc the air bearing senate, is recessed f r cat ta? air bear.ng striae? 

A method f c r iGrmicg ao SDT read seas*- inci-Eties riepcviiirg a F 
M materia! layer, depcsiliog an i n r e rare d i a i c i n s a i 2 1 : c n materia- laytr : 
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